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THROUGH THE EYES OF THE EDITOR 


L. Wood Swaggart discusses occlusal har- 
mony in complete denture construction. He 
describes the various mandibular movements 
and relates them to some of the different 
considerations involved in the development 
of balanced occlusion. He raises several 
interesting questions regarding occlusion 
which set the background for the descrip- 
tion of his technique, which is a modifica- 
tion of that suggested by Meyer. If it is 
carried out with adequate attention to detail 
and principle, it should accomplish the re- 
sults he sets out to achieve. However, the 
process of generating the cuspal paths may 
introduce errors due to movement of the 
denture bases on the supporting structures. 
This would be exaggerated in mouths with 
a thick, soft, tissue covering over the bony 
foundation, and in mouths where the ridges 
are not approximately parallel to each other. 

Clare W. Sauser compares the merits of 
anatomic and nonanatomic teeth for com- 
plete dentures. He specifies the indications 
for the use of both types of teeth. One of 
his suggestions is particularly interesting. 
This is to make treatment dentures with 
nonanatomic teeth for patients who have had 
malocclusions in their dentition. The second 
dentures could be made with anatomic teeth 
after the temporomandibular joints and the 
neuromuscular system had recovered from 
the previous disharmony. This suggestion is 
worthy of further observation. 

Jan F. King describes a technique for 
adapting the impression surface of an im- 
mediate denture to the mouth at the time of 
insertion of the denture. The denture is re- 


lined immediately after surgery with an au- 
topolymerizing resin. No doubt a well-fitted 
impression surface can be developed by this 
method, but great skill and care would be 
required in order to avoid shifting the den- 
ture into a different relation to the support- 
ing structures than was intended and, at the 
same time, to avoid developing inaccurate 
occlusal relations. 

Sumner Cohen reports the results of his 
studies of the effect of head position upon 
physiologic rest position. The comparisons 
were made by means of cephalometric trac- 
ings. This essay won the second prize in the 
essay contest for senior dental students which 
is sponsored by the American Denture So- 
ciety. He is to be congratulated for his suc- 
cess. 

Eugene J. Tillman describes an improved 
procedure for molding acrylic resin teeth. 
A core is processed first. Then the varia- 
tions in color are made according to defi- 
nite plans. The resultant shading of the 
resin teeth can be varied with accuracy. 

Martin Handlers, Nathaniel H. Lenchner, 
and Bernard Weissman describe a prefabri- 
cated retaining device for retaining partial 
dentures and the technique for its use. The 
device seems to be simple enough to be prac- 
tical and has the advantage of being incon- 
spicuous in the mouth. The device lends 
itself well to newer trends in partial den- 
ture design which place the fulcrum line in 
a position anterior to the retainer. No 
mention is made of the method used in clean- 
ing the device, and it may be that this would 
be a problem for patients. 
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L. Laszlo Schwartz reports his observa- 
tions of temporomandibular joint syndromes. 
As a result of his investigations, he was un- 
able to confirm Costen’s findings and con- 
cluded that occlusion was not as important 
in these disturbances as has been claimed. 
There can be little doubt that occlusion is 
involved in many cases, but if he is correct, 
the fact is that the correction of occlusal 
errors does not always eliminate the symp- 
toms. He suggests a method of treatment 
for patients who have this difficulty and who 
do not respond to the correction of the oc- 
clusion. In fact, he urges an accurate di- 
agnosis and treatment of temporomandibular 
joint symptoms by other means before the 
occlusion is corrected. It seems to be sound 
that all possible causative factors be con- 
sidered before any treatment is instituted. 


Victor E. Wasser describes his method 
for adapting the Meyer technique to fixed 
partial dentures. The procedure should pro- 
duce good occlusion on these restorations if 
the remaining parts of the occlusion are in 
harmony. 

Kenneth C. Pruden compares the advan- 
tages and disadvantages of the various at- 
tachments used for fixed partial dentures. 
Improvement in methods and materials have 
made it practical to use some types of at- 
tachments which had been more or less dis- 
carded. Among these is the full crown. 
If adequate care is exercised in the prepara- 
tion of the tooth to protect the pulp, this 
attachment can serve very well. The author 
favors the use of the attachment that will 
be most conservative and yet do the job. 
This is sound practice. All factors should 
be considered before the choice of attach- 
ment is made. He lists the preservation of 
sound enamel among these factors. 


Louis Alexander Cohn suggests the 
planned correlation of all applicable phases 
of dental treatment for patients with de- 
bilitated dentitions. The reasons for this 
become obvious, as each part of the treat- 
ment must be related to the other parts. 
The various elements in the oral mechanism 
cannot be treated properly without an ade- 
quate consideration for the entire stoma- 
tognathic system. As he demonstrates, the 
results of coordinated treatment can be most 
gratifying. He describes the techniques he 
uses to obtain desirable results, and while 
it appears like a large amount of work, the 


J. Pros. Den, 
July, 1957 


teeth can be saved where the easy way would 
be to “give up” and have all of them re- 
moved. This avoids or postpones for pa- 
tients possible difficulties which cannot al- 
ways be anticipated. 

Thomas E. Braly, Jr. describes a_tech- 
nique for making a three-unit fixed partial 
denture directly in the mouth. It is an in- 
teresting procedure and may be of value in 
emergency situations. However, it would 
seem that great care must be used in its exe- 
cution. 

John C. Bartels discusses procelain jacket 
crowns and their construction. He empha- 
sizes the importance of diagnosis and of 
relating the preparation of the tooth to 
the occlusion of all the teeth. He describes 
his techniques for making the preparation 
and the crown. He makes use of modern 
materials and equipment, and his procedures 
seem to accomplish the objectives which he 
sets up for these restorations. 


Alexander L. Martone calls attention to 
one of the occupational hazards in the prac- 
tice of prosthodontics. It is the “forget- 
ting” curve, and the lack of a safeguard for 
it. The dentist must guard against for- 
getting by relearning. Further, techniques 
change as improvements are devised in ma- 
terials and methods. To keep abreast of these 
changes involves a constant effort to learn 
about them by reading the current dental 
literature and by attending dental meetings. 
The hazard of modern practice lies in the 
fact that the dentist is his own critic. If he 
does not continue to learn and relearn, he 
may not even realize that he is falling be- 
hind and that he is rendering obsolete serv- 
ice to his patients. 

Douglas Allen Atwood continues the re- 
port on his cephalometric study of the clini- 
cal rest position of the mandible. Part II 
refers to the variability in the rate of bone 
loss following the removal of teeth which 
stop mandibular closure. He reviews neuro- 
muscular physiology as a background for the 
origin of the forces involved. In the course 
of his study, the amount of bone loss was 
measured and related to interocclusal clear- 
ance and physiologic rest position by means 
of cephalometrics. This basic research in- 
dicates that many factors are involved in 
the shrinkage of residual ridges and that 
many factors should be considered when the 
occlusal vertical dimension is to be changed. 
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Anthony K. Kaires reports on his study 
of the contacts made by artificial posterior 
teeth during mastication. The contacts were 
studied in sixteen patients, with several dif- 
ferent types of occlusal forms and systems of 
occlusal balance, and with five test foods. 
While the author refrains from drawing defi- 
nite conclusions, it is interesting to note that 
he found more frequent contacts of teeth on 
the nonchewing than on the chewing’ side. 
He suggests several factors which could con- 
tribute to this situation. Regardless of the 
reason for these balancing side contacts, the 
statement credited to Prime, “Enter bolus, 
is shown to be untrue. This 


exit balance,’ 
work is a continuation and extension of 


OF THE EDITOR 433 


studies reported by Yurkstas and Emerson 
and is another step in the direction of ob- 
taining factual information as a_ substitute 
for opinion. 

J. C. Hickey, R. W. Stacy, and L. L. 
Rinear report on their electromyographic 
studies of mandibular muscles in basic jaw 
movements. The method used made it pos- 
sible to observe the timing of contractions 
of various muscles. This suggests a great 
opportunity for further study by this method. 
Their findings agreed with most other inves- 


tigators, but they found the suprahyoid mus- 


cles to be more active than some others 
working with similar methods. 


—Carl O. Boucher 





OCCLUSAL HARMONY IN COMPLETE DENTURE 
CONSTRUCTION 


L. Woop Swaacart, D.D.S. 


Denver, Colo. 


Part [ 


CCLUSION IS THE CONTACT of the lower teeth with the upper teeth. 

Harmonious occlusion implies contacts so well coordinated with the condi- 
tions under which they occur that no discordant characteristics can be detected. 

A passage in music which is completely harmonious and satisfying to one 
ear may be nothing more than noise to another, and so it is with occlusion. The 
intent of Part I of this article is to review the basic choices or decisions which 
have been responsible for the development of various schools of thought pertaining 
to occlusal harmony in complete denture construction. 

In the beginning, it is necessary to understand when and under what con- 


ditions it is possible for the teeth to make contact. In considering the dentition, 
there are three components of occlusion: the temporomandibular joint, the muscles, 
and the teeth. When the roots of the teeth have been lost, the displaceable tissues 
between the teeth and the supporting bony structures become a fourth component. 

For the purpose of this article, the temporomandibular joint and the muscles 
will be considered as constant for the individual, with only the teeth under the 
control of the prosthodontist. 


MANDIBULAR MOVEMENTS 


The temporomandibular joint is actually two joints in one—the joint between 
the condyle and the meniscus and that between the meniscus and the articular emi- 
nence. Though the condyle is not a perfect sphere, it is considered to operate, to 
a limited extent at least, as a ball-and-socket joint capable of rotating upon the 
meniscus in the horizontal, vertical, or intermediate planes. Lateral movements 
are accomplished by the gliding of the meniscus across the articular eminence. The 
two movements occur together in any combination, and at the same time the entire 
assembly may shift from side to side in the Bennett movement. 

When both menisci are pulled downward and forward, each in contact with 
its articular eminence, a protrusive movement is accomplished. The inclination 
of the movement varies from individual to individual and from side to side in the 
same individual. The path is not in a straight line, being influenced by the topog- 
raphy of the contacting surfaces. 
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A right lateral movement is accomplished by horizontal rotation of the right 
condyle on its meniscus while the left condyle and meniscus are again pulled down- 
ward and forward across the eminence, this time probably following a ditferent path 
because of different topography. 

Because the external pterygoid muscle, which pulls the condyle and menis- 
cus forward, has its anterior attachment not only forward but also medial to the 
joint, in many mouths the gliding condyle is pulled medially against the inner 
curbing of the fossa. This is considered responsible for the lateral glide of the 
pivoting condyle across its fossa which is known as the Bennett movement. 

Intermediate movements are protrusive movements complicated by pivoting 
toward one side or the other, the inclination of the paths of movement being po- 
tentially different from either straight protrusive or extreme lateral. 

Bonwill,’ in 1889, invented the instrument which has been called the first 
“anatomical articulator” and introduced his geometric theories of relationships 
and movements of the jaws. Much of the work done since that time, so beautifully 
illustrated by that accomplished by Gysi,° has been directed by geometric consid- 
erations seeking harmonious occlusion in gliding contacts when no food is present. 

Gliding movements with the teeth in contact are powered by the muscles 
and directed by the joint, but there is at the same time a vertical rotation of the 
condyle on the meniscus which is controlled by the inclined planes of the teeth. 
This controlling influence is described as incisal guidance or cuspal guidance. 

As soon as one lower tooth surface makes contact with an upper tooth surface, 
it functions with the two joints in establishing a tripod of control. Immediately, 
all other inclined planes either are or are not in harmony. In his chapter on 
“Occlusion,” Swenson*® diagrams clearly the geometric interrelationship of all 
inclined planes as controlled by the temporomandibular joints and the angle of 
incisal guidance. 

The foregoing discussion is intended to set up limitations within which the 
teeth can make harmonious contact. However, it may be necessary to distinguish 
between the conditions under which they can and those under which they do, for 
occlusion must be considered under two sets of conditions. According to Boucher‘: 
(1) static relations occur in the many possible contacts of teeth without interposi- 
tion of food, and (2) dynamic relations occur in the mastication of food. 

According to Shanahan’: (1) neurologic movements are those lateral and pro- 
trusive movements analagous to bruxism, and (2) physiologic movements are the 
vertical, cyclic movements. 

This classification is valuable as a means of increasing understanding. It is 
not presented as representing two schools of thought, from which one should be 
selected and the other rejected, which could be dangerous. 


MASTICATORY CYCLES 


Work done by Hildebrand,’ Boswell,’ Kurth,? Jankelson,’? and others has 
added much to our knowledge of masticatory cycles and thus to the physiology of 
the stomatognathic system. When the mandible moves to bring the teeth toward 
contact in the masticatory cycles, its direction of movement is controlled by con- 
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ditions within the joint and by the direction of contraction of the muscles. There 
is some disagreement as to the extent to which it is influenced by the contours of 
the teeth. 

Some operators believe that the terminal portion of the cycle is often a glid- 
ing movement with the inclined planes of the teeth in contact. Others suggest 
that variation of cusp inclination has little influence on a movement which follows 
the direction of contracting muscle fibers. Still another group interprets the cycle 
as a habit pattern which brings the teeth toward contact at the angle proved by 
previous experience to be the most effective. 


TOOTH CONTACTS 


While Jankelson reports little or no contact between natural teeth before de- 
glutition, Downs” reports frequent contacts. In this connection, it is interesting 
to note that Yurkstas and Emerson" report many contacts between the teeth of 
artificial dentures during mastication, those on the balancing side being more 
numerous. Perhaps mobility of the denture base should be considered as a fifth 
component of occlusion. . 

One group of prosthodontists feels that occlusal harmony demands the maxi- 
mum number of occlusal contacts in every position of the mandible, with equal 
pressure at all points and without interference at any point. At the other extreme 
are those who feel that if the teeth can come into even contact in centric occlusion 
without interference, no more is required. In between are various modifications. 

This classification is not intended to imply that one group follows the static 
concept while the other accepts the dynamic, for every prosthodontist undoubtedly 
conforms to some principles which are classified under each heading. 

A key question might be, “Is bilateral balance necessary ?” 

A second decision would involve the forms of teeth. 


0 


TOOTH FORMS 

Many prosthodontists feel that the cuspal forms designed by nature are ideally 
shaped to function in harmony with the temporomandibular joint and the muscles 
of mastication to sheer and grind food with the least effort, that the resultant of 
forces directed against their inclined planes is in a favorable direction, and that the 
cusp height simplifies the manipulation necessary to provide bilateral balance. 

However, in 1922, Sears” suggested that new forms of teeth, based upon 
mechanical principles, must be devised to meet the special situation of the edentu- 
lous mouth. At that time he introduced the first nonanatomic tooth based upon 
that premise. In a report thirty-one years later” he brought together illustrations 
of forty-one different nonanatomic tooth forms designed with a wide variety of 
objectives. Both forms and materials are manipulated to increase efficiency and 
to control the amount, direction, and distribution of stress exerted against the 
supporting structures. 


VARIATIONS IN TOOTH ARRANGEMENT 


Some prosthodontists do not fear high cusps and steep incisal guidances. 
Others who start with so-called anatomic tooth forms modify them to conform 
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to shallow, zero, or even minus incisal guidances. Many others manipulate “flat” 
tecth to fit a similar occlusal plan. 

Some conform flat teeth to the compensating curve or to arcs concentric with 
it, while others believe that a reverse curve increases masticating efficiency, stabil- 
izes the lower denture, and reduces traumatogenic forces. The reverse curve is 
used in plans which provide for balancing inclines and in plans which do not. 

Once the operator has decided upon the anatomic and physiologic factors to 
be satisfied by his final plan of occlusion, he is ready to study occlusal form. Will 
one form satisfy all situations? Should existing forms be modified, or new ones 
designed ? 


ARTICULATORS 


The third decision answers the question, “How much can be done on the 
laboratory bench, and what must be done in the mouth?” It involves selection of 
an articulating instrument. 

No instrument has been devised to reproduce faithfully every mandibular 
movement. The Gnathoscope and the modifications which followed it most nearly 
approach that ideal, but many operators who use that instrument for fixed res- 
torative procedures rely upon a simpler one in complete denture construction. 

Available instruments are classified as nonadjustable, semiadjustable, and fully 
adjustable. Descriptions and differential analysis are impossible here. The fol- 
lowing comments are intended to be only suggestive of the limitations and capa- 
bilities of various instruments. 

Many instruments record all condylar paths as straight lines between the 
centric and an eccentric position. 

An instrument having the mechanical condyle on the maxillary member and 


its path on the mandibular member provides one radius between the condyle and 
the lower incisors (for instance) in centric relation and a different radius in ec- 


centric positions. 

Variable distance between the condylar posts is necessary to reproduce truly the 
arcs of lateral movement. 

A split axis is necessary to record some paths of the Bennett movement. 

In selecting an instrument, it must be realized that any mandibular movement 
necessary to the selected plan of occlusion, which is not faithfully reproduced by 
the instrument, must be provided for by correction in the mouth. Some prostho- 
dontists choose the latter method. 

As examples of intraoral methods, Shanahan“ and Jankelson” use thin 
casting wax to locate tooth contacts in the mouth under specified conditions. Pleas- 
ure,” Porter,” and others describe the use of a central bearing point to stabilize 
denture bases while making adjustments, and one method of generating an oc- 
clusal path or pattern in the mouth will be illustrated in Part II of this article. 
Each method has its advantages and disadvantages. 

According to Swenson,* “The mouth does not afford visibility to properly 
position and examine the teeth; the resiliency of the tissue precludes constant 
equalization of pressure in various denture positions; the denture bases shift under 
incline plane stress without the operator being aware of it, whereas on a stone 
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cast this cannot happen; the temporomandibular joint can be malpositioned since 
no repeated checks are possible; and lastly, an exact centric can be obtained and 
transferred to the articulator which assures an exact and correct starting point 
for each movement. This correct starting point, in the mouth, is not controllable.” 

On the other hand, some operators feel that mandibular movements only a 
few millimeters in magnitude, recorded on yielding bases, cannot be transferred to 
an instrument with real precision even if the instrument is capable of reproducing 
them exactly. Those who question the immutability of the condylar paths, of course, 
place no confidence in precise adjustments on an instrument. 

Actually, results by any method are directly proportional to the understand- 
ing and dexterity of the operator. It can be noted that prosthodontists who de- 
velop a well-coordinated occlusion on an adjustable instrument exercise extreme 
care in transferring records from the mouth; while those who use a more 
simple instrument and fewer records are very exacting in making adjustments in 
the mouth. 


















MAXILLOMANDIBULAR RELATIONSHIPS 


The fourth decision defines certain specific relationships of the mandible 
to the maxillae. 

Most prosthodontists agree that the upper and lower casts should be mounted 
on an articulating instrument in centric relationship. By definition, this is the 
relationship obtained when the condyles are in the most retruded position in their 
fossae from which lateral excursions can be made. Obviously, this relationship 
is inadequate until a determined interridge dimension has given it a vertical 
component. Thus, the vertical dimension of occlusion must be decided before 
centric relation can be accurately recorded. 

The rest position of the mandible, considered relatively constant and meas- 
urable, is usually determined as an aid to establishing vertical dimension. Though 
the character of the movement between rest position and centric position is dis- 
puted, it is apparently universally agreed that the vertical dimension of occlusion 
must not be increased to a point where it might encroach upon an adequate free- 
way space between tooth contact and rest position. 

Most prosthodontists base their judgment of vertical dimension on a corre- 
lation of many different observations. 

It is generally agreed that a centric relation record made at determined 
vertical dimension, transferred to an articulating instrument, is nothing more 
than a record of one single static relationship of the mandible of the maxillae when 
axial relations are not considered. This is entirely adequate if the transfer is made 
to a tripod; but it is usually considered as seriously limiting the usefulness of 
hinge-type instruments. 





















THE FACE-BOW 







As explained by Granger,” when the condyle moves against the meniscus, it 
rotates about an axis. In vertical motion it revolves about a horizontal axis, and 
in horizontal motion it revolves about a vertical axis. The point where these, with 
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the intermediate axes, meet is the center of rotation of the condyle. A line con- 
necting the centers of rotation of the two condyles is the hinge axis of the 
mandible. When the mandible moves, the hinge axis moves right along with it, 
remaining constant to the mandible and determining the arc of closure upon 
which the teeth can meet in any position. Centric relation is the only position 
in which the hinge axis is constant to both the mandible and the maxillae. 

Many prosthodontists feel that when a transfer is made to a hinge-type ar- 
ticulating instrument, a face-bow should be used to preserve axial relations. As 
most commonly used, the condylar indicators of the face-bow are positioned on 
arbitrarily measured points representing the average position of the center of 
the condyle. However, some men believe that accuracy demands the use 
of an instrument with adjustable condylar pointers permitting precise location of 
the hinge axis for each mandible. Others question the existence of a usable 
hinge axis. 


CENTRIC RELATION AND CENTRIC OCCLUSION 


Most prosthodontists feel that centric occlusion should be established to 
coincide with centric relation. However, some suggest that a median occlusal 
position permitting something more or less than a millimeter of movement re- 
trusively from centric occlusion more nearly approaches the normal. Sicher” sug- 
gests that the only position the edentulous mandible can learn to repeat unerringly 
is the “hinge position.” Be that as it may, it might be dangerous to accept a 
transfer record with the condyles advanced from their most retruded position 
unless the articulator of choice is capable of reproducing a retrusive movement. 

No matter what point is selected for establishment of centric occlusion, most 
operators feel that it is desirable to provide for a certain freedom of movement 
around that point. Some instruments are provided with a milling device which 
aids in producing that freedom. 

Kingery” groups the various methods of obtaining transfer records under 
three headings : 

1. Graphic recording. Methods employing a graph or tracing as guides 
for an interocclusal record. 

a. Extraoral tracing procedure. 
b. Intraoral tracing procedure. 
2. Direct interocclusal recording. 
3. Functional recording (chew-in procedure). 


ECCENTRIC RELATIONS 


After centric relation has been transferred to the articulating instrument, ad- 
ditional transfer positions are recorded according to the requirements of the se- 
lected plan of occlusion and the adjustability of the instrument. Protrusive rec- 
ords are usually transferred to semiadjustable instruments; and right and left 
lateral records are ‘required as well when full adjustment is possible. Though 
these are recognized as boundary movements, adjustment is usually not attempted 
for intermediate positions. 
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TISSUE DISPLACEMENT 


A fifth decision concerns the management of the displaceable tissues and can 
well be introduced by further discussion of the method of securing transfer records, 

If a central bearing point is attached to one occlusion rim and a tracing 
table to the other, horizontal movements of the mandible will scribe a tracing 
similar to a Gothic arch. When the point is in the apex of the tracing, the condyles 
are in the most retruded position in the fossae from which they can make lateral 
excursions. Though this provides three accurate points of horizontal reference, 
it does not ensure an accurate mandible-to-maxillae relationship because of dis- 
placeable supporting tissues. 

Though the height of the bearing point is unchanged and the condyles re- 
main in their most retruded position, from the point of first gentle contact the 
mandible can move upward and forward as increasing pressure is applied. At 
the same time the occlusion rims can tilt in relationship to each other. The final 
bone-to-bone relationship recorded will depend upon the degree of force, its di- 
rection of application, and the amount and distribution of the displaceable tissue. 
Accuracy of records so obtained depends upon control of force applied and ac- 
curate centering of the bearing point which is sometimes impossible. Robinson™ 
advocates the use of carefully positioned hydraulic jacks to equilibrate stresses 
directed against the soft tissues. 

Those who use wax, plaster, or other fluid recording media on bases con- 
taining no abnormal contours feel that they closely approach completely relaxed 
recordings. 

Some prosthodontists feel that relations taken under controlled and directed 
pressure permit occlusal stresses to be borne equally by all foundation tissues. 
Others feel that records made under pressure cause uneven contact of teeth when 
they first come together, resulting in destructive shifting of the denture bases. 


CONCEPT OF PROSTHODONTIC SERVICE 


The last decision to be discussed requires the acceptance of a concept of 
service. To be sure, no prosthodontist considers dentures a commodity to be 
fabricated, delivered, and forgotten. Few consider their responsibility discharged 
until the patient is comfortable and happy. Many go much beyond that point in 
accepting responsibility. 

After processing changes are corrected and any necessary adjustments are 
performed, how long will the resulting occlusal harmony prevail? Will it remain 
the same for twenty-four hours; or two weeks; or six months? 

Though expression of personal opinion has thus far been avoided, it is 
unequivocably stated that any procedure intended to provide occlusal harmony in 
denture construction is incomplete and inadequate unless it provides for correc- 
tion to meet changing conditions in the mouth. 


Many prosthodontists realize that patients often wear, without complaint, den- 
tures that are daily subjecting their supporting structures to unnecessary destruc- 
tion. Knowing that this destruction may in later years prove to have been devas- 
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tating, these men set up a recall system to bring their patients in for periodic 
evaluation. Could any service be more worth while? 


SUMMARY 


A superficial scanning of the literature might give the impression that there 
are almost as many different opinions concerning construction of well-functioning 
complete dentures as there are prosthodontists constructing them. It has been 
suggested that the fundamental differences, distinguishing one school of thought 
from another in terms of basic concept, are relatively few in number. 

Six questions have been proposed as guides for the formulation or evaluation 
of a technique. 

1. What general plan of occlusion is best designed to function in harmony with 
the anatomy and physiology of the stomatognathic system ? 

2. What occlusal forms of teeth are best designed to implement the selected 
plan? 

3. Can the desired occlusion of teeth be best accomplished on a mechanical 
instrument, in the mouth, or by’a combination of the two methods? 

4. Where shall the terminal occlusal position be established, and to what other 
positions must it be related? 

5. What cognizance must be taken of the variations of tooth-to-bone relation- 


ship which result from the displaceability of intervening soft tissues? 


6. What responsibility should be assumed for maintenance of occlusal har- 
mony in a changing environment? 

In Part I a serious effort has been made toward complete objectivity of 
approach. 


Part IIT 


Part II is essentially subjective in character. It is a description of methods 
employed by the author in an effort to satisfy his personal answers to the questions 
posed in Part I. 

Basically, in the procedure to be illustrated, one denture is completed first, 
and a functional pattern to which the opposing denture is conformed is generated 
in the mouth. It makes little difference then whether the case involves upper 
and lower dentures or a single denture against an opposing dentition. 

For the sake of brevity, it is assumed that all procedures through a satis- 
factory try-in appointment have been completed by any method of choice. The 
vertical relationship should be acceptable, the occlusal plane should be oriented, 
and centric relation should be close, though it will be definitely established later. 

It will be convenient if the upper and lower stone casts are mounted on a 
good, rigid, plain-line articulator having a positive stop for the control of the 
vertical relation. Though a face-bow transfer is not absolutely necessary, it is 
customarily provided 

The only modification required for balanced occlusion is that the tips of the 
cusps of the upper posterior teeth be oriented to contact with the arcs of the 
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compensating curve or arcs concentric with it. The method, introduced by 
Meyer,”™ of generating that curve in the mouth in its proper relationship to the 
condyles, seems capable of the most accurate results. However, an experienced 
prosthodontist can utilize an average template without necessitating undue correc- 
tion in later procedures. 

The upper denture is processed in the material of choice. When casts were 
first poured, appropriate provision was made for remounting on the articulator 
after processing. The processed denture is returned to the instrument, and a plaster 
interocclusal record is made so that the denture can be remounted after polishing. 
This preserves the orientation of the upper and lower casts on the articulator in 
the centric and vertical relationships established in the wax trial dentures. 

A compound rim is then fabricated on an accurately re-enforced baseplate 
tray. In height, it provides an approximate 2 mm. space beneath the occlusal 
plane of the upper denture. 


Fig. 1—A scribing plate is attached to the upper finished denture. The central bearing 
point is supported by a compound rim in a well-fitting resin base tray. The point is adjusted on 
the articulating instrument to maintain the predetermined interridge space. 


If the graphic method of transfer record is to be employed, a central relating 
point is affixed to the compound rim. The point is usually placed in the midline 
and on a line drawn through the mesiolingual cusps of the upper first molar teeth, 
though this is often modified according to the interrelationship of the upper and 
lower ridges. The relating point is adjusted to make contact with a tracing plate 
attached to the palate of the upper completed denture with modeling compound 
at the vertical dimension recorded on the articulator (Fig. 1). 


THE CENTRIC RELATION RECORD 


The upper denture and lower compound rim are carried to the mouth, and 
the patient is instructed to perform the movements which will scribe a tracing 
shaped like an arrowhead on the tracing plate. Quick-setting plaster is interposed 
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between the upper teeth and the lower compound rim, and the patient is instructed 
to hold the mandible in its most retruded position while maintaining the most 
gentle contact possible (Fig. 2). After the plaster has hardened, the relation- 
ship of the central bearing point to the tracing is checked outside of the mouth. 

No provision is made for locking the point in the apex of the tracing. It is 
feared that to do so would cause distortion if the mandible made any attempt to 
change position before the plaster had solidified. 

Though any good plain-line articulator having a positive control of ver- 
tical dimension can be used for this technique, the Meyer instrument (Fig. 3) has 
many advantages. One of these is the method of attachment of the mounting plates 
to the upper and lower members of the instrument. This is accomplished by three 
self-centering screws which pass through the articulator member to engage holes 
in three legs of the mounting plates. 


Fig. 2.—The patient is instructed to maintain a gentle pressure while holding the mandible 
in its most retruded position. 


When a satisfactory transfer record of centric relation has been obtained from 
the mouth, it is returned to the instrument. The screws are removed from the 
lower mounting plate. With the instrument inverted, the transfer record and the 
lower cast are assembled on the upper cast, and the relationship of the screw holes 
is observed (Fig. 3). If the whole correlation checks perfectly, a correct centric 
relation has been preserved through processing and remounting of the upper denture. 
This does not always occur, especially since the former relationship was considered 
tentative and was not checked with comparable accuracy. 

If the screw holes show discrepancy horizontally or vertically, the lower cast 
is remounted to the new relationship. 

The entire procedure is then repeated. A centric relation record is not con- 
sidered “proved” until at least two records taken from the mouth are so identical 
that 0.001 Cellophane will be gripped in turn between each leg of the mounting 
plate and the articulator member and so the three screw holes coincide accurately 
(Fig. 4). 

Though the graphic method is illustrated, the important factor is not the 
method, but rather the ability to obtain multiple identical records. The method is 
varied according to the conditions encountered. 
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At this time the set-screw controlling vertical dimension on the instrument is 
tightened with pliers. The finished denture must be completed at exactly that 
dimension. 


Fig. 3. Fig. 4. 


Fig. 3.—The casts are mounted on the instrument according to a first transfer record. The 
screws holding the lower mounting plate have been removed, and the cast has been reassembled 


with a second transfer. 
Fig. 4.—If the second transfer record is identical with the first, the screw holes in the 


articulator member will coincide with those of the mounting plate, and 0.001 Cellophane will 
be gripped firmly in turn in each of the three points of contact. 
The centric relation record is not considered “proved” until the transfer survives this 


exacting test. 
OCCLUSAL SURFACE MODIFICATIONS 

The occlusal surfaces of the upper posterior teeth can be modified as desired. 
A wheel-shaped stone is often used to broaden slightly the central sulcus and reduce 
the marginal ridges, producing a slight channellike modification which will later 
provide some freedom in centric occlusion. Knife-edge stones are used to restore 
adequate sluiceways. When it is desired to reduce the total occlusal table, it is 
usually more satisfactory to use fewer teeth of appropriate size than to reduce the 
size of individual teeth. If the teeth are set with open contacts, the marginal ridges 
can serve as the most efficient cutting blades in the denture. 

While the patient waits in the chair, the central relating point and tracing 
plate are removed. On the articulator, softened black compound is added to the 
lower rim in sufficient excess so that when the instrument is closed to the estab- 
lished vertical dimension, the upper teeth will leave distinct imprints. 

All of the compound is cut away from the occlusal surface of the compound 
rim except the ridges produced by the fissures and interproximal spaces of the 
upper teeth. This leaves a small ridge protruding from a flat table of compound 
(Fig. 5). In the region of the six anterior teeth, the compound should be trimmed 
not less than 2 mm. short of contact. 
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CUSP AND SULCI ANALYSIS 


The lower compound rim is placed in the mouth with the upper finished den- 
ture, and the patient is asked to close on his back teeth. If he closes in centric 
position, the narrow ridge on the lower compound rim will enter the grooves and 
fissures of the upper teeth. 

The patient is then asked to move the mandible slowly into left lateral posi- 
tion. When the final adjustment has been made, the tip of every buccal cusp 
on the working side and of every lingual cusp on the balancing side will maintain 
contact with the compound ridge throughout the excursion (Fig. 6). Invariably, 
however, some correction must be made. 

When a single cusp maintains contact, causing all the others to separate, it 
means either that the cusp is too high in proportion to the others, or that the 
grooves of the tooth are too deep. The cusp may be recontoured, or a few lateral 
movements will sheer off the crest of the compound ridge in that area permitting 
more of the cusps to come into contact. 


Fig. 5—The lower compound rim as it appears after being prepared for the cusp and sulci 
analysis. Contact with the six anterior teeth is not permitted. 


The compound ridge provides the factor of cuspal guidance in influencing 
mandibular movements. If it is desired to observe the angle of incisal guidance 
which will result, a little counter wax can be placed opposite the central incisors 
and the excursions repeated. The teeth will cut a path in the wax which can be 
observed. If it is desired to decrease the inclination, cusps can be recontoured. 
Sheering movements, which reduce the height of the compound ridge opposite the 
cusps, also reduce the angle of incisal guidance. 

When most of the cusps are in contact, but a few are still short, correction 
is usually made by ‘deepening the fissures or embrasures responsible for the forma- 
tion of the ridge in that area. A knife-edge stone is used to deepen a groove that 
is deficient. 
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With the assembly in place on the articulator, a spot of soft compound is added 
to the compound ridge in that area, and the instrument is closed to the established 
vertical relation. After the excess is again trimmed away, the assembly is returned 
to the mouth and checked to make sure that the correction was adequate. 


Fig. 6,B 


Fig. 6.—A, Left lateral excursion, showing the multiple points of contact of the buccal cusps 
on the working side. B, Left lateral excursion showing the contacts of the lingual cusps on 
the right, or balancing side. 

Fig. 7.—The cusp and sulci analysis and correction have been completed. In centric occlu- 
sion, the only contact is between the crest of the lower compound ridge and the depth of the 
central sulci of the opposing posterior teeth. Thus, adequate space is provided to receive 
wax in which the cuspal path will be generated. 


After the cusps and sulci have been analyzed and corrected for the left lateral 
excursion, the analysis is repeated for right lateral and protrusive movements. 
The six anterior teeth should not touch the lower compound rim in any excursion. 

It should be realized that when correction has been completed properly, the 
tips of the buccal and lingual cusps will lie in arcs concentric with those of the 
compensating curve. The experienced dentist soon learns to set them that 
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Number 


way originally, leaving little correction to be made at the time of cusp and sulci 


analysis. 

The procedure of cusp and sulci analysis just described is considered by many 
to be one of Meyer’s most valuable contributions to dentistry. It may be used to 
predetermine the potentiality of balance inherent in any dentition or denture and 
to guide the modification of occlusal forms at the discretion of the dentist. It 
is valuable in many phases of restorative as well as prosthetic dentistry. 


THE GENERATED CUSPAL PATH 


A cuspal path will be generated in soft wax superimposed on the compound 
ridge, but first the ridge is subjected to further preparation. 

The base of the ridge is narrowed over-all, its apex remaining untouched. This 
permits a little extra freedom in centric occlusion before cuspal guidance becomes 
effective. Finally, in the bicuspid and second molar regions, the ridge is somie- 
times reduced slightly more, leaving the first molar region dominant. This trans- 
fers the stress of cuspal guidance to the area of greatest stability. The compound 
table on either side is reduced to provide an escapeway for wax as movements 
are made from eccentric positions toward centric occlusion (Fig. 7). 

Synthetic tacky wax is pressed. to place over the compound in the posterior 
regions, and counter wax is added opposite the six anterior teeth. With the com- 
pound path in place opposite the upper denture, the first closure into centric occiu- 
sion is accomplished on the articulator. Water-soluble jelly is used as a lubricant. 

The entire assembly is returned to the mouth, and the cuspal path is generated 
by the muscular activity of the patient. 


The patient is instructed to close on his back teeth and then move the man- 
dible slowly into protrusion while exerting some pressure. When the movement 
is equal in scope to the length of one cuspal incline, he is instructed to open and 
return to centric position. This movement is repeated two or three times in 
each excursion to eliminate excess wax. 

The motion is then reversed, the patient being instructed to open, close on 
the tips of the cusps, and chew forcefully toward centric position. Patients less 
able to follow directions are permitted to slide gently from the centric to an eccentric 
position, open slightly, then return forcefully to centric position. These movements 
are repeated until a clean-cut path can be observed for every direction of move- 
ment (Fig. 8). 

It will be noticed that when the direction of movement is from the centric posi- 
tion to an eccentric position, there is a marked tendency toward displacement of the 
bases. However, when the motion is reversed, the bases are seated at first contact 
and remain relatively stable under stress during the return to centric occlusion. 

When completed, the cuspal path is a direct pattern, contoured by the four 
components of occlusion. 

Returning to the articulator, the cuspal path is sealed to the lower cast. Its 
counterpart is poured in artificial stone and attached to the instrument with a 
separate mounting plate. 
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Since the teeth in the wax trial denture were set to the correct vertical rela- 
tion, they must be elongated slightly to provide a bulk of porcelain for grinding. 
Prussian blue water color is then used as an indicator as the lower teeth are ground 
to close conformity with the cast of the generated path at the correct vertical 


dimension (Fig. 9). 
A. 


Fig. 8.—A, The path cut by left lateral movements. The shallow angle of incisal guidance 
is evident. B, The completed cuspal path is a direct wax pattern contoured by the components 
of occlusion. 


After processing, the lower denture still on its cast is again returned to the 
articulator and conformed to the generated path at the recorded vertical dimen- 
sion, and distortions due to processing are corrected. If grinding has reduced the 
adequacy of the escapeways, they are restored at this time (Fig. 10). 

The upper denture is then replaced on the instrument (Fig. 11). Sometimes 
slight spot-grinding is necessary to provide multiple areas of simultaneous con- 
tact in centric relation. In no instance does this impair adequate conformity with 
the stone path, and it ensures an even contact under the conditions of minimum 
pressure which existed when the centric relation was recorded. 

The dentures may then be polished and delivered to the patient in full con- 
fidence that they will exhibit a great number of occlusal contacts in every position 
of the mandible with equal pressure at all points and without interference at 
any point. 
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Fig. 9.—The teeth in the lower wax denture have been elongated slightly. The stone 
counterpart of the cuspal path is painted with Prussian blue water color. When the spot- 
grinding is completed, the teeth will be in close conformity with the path at the exact vertical 
dimension at which it was recorded. 


Fig. 10. Fig. 11. 


Fig. 10.—After processing, the denture is returned to the instrument for the correction 
of processing errors before it is removed from the stone cast for polishing. 


Fig. 11—The final check of the lower against the upper denture ensures multiple points 
of contact at the first closure in centric occlusion. 
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ALTERNATIVE PROCEDURE 


Even when the soft tissues have been well controlled in the impression and 
adequately managed when the jaw relations were recorded, the inability of the 


denture base to duplicate accurately the impression may permit tissue displacement 
to destroy occlusal harmony immediately. An alternative method which is often 


Fig. 12.—A, Both dentures have been processed, the lower posterior teeth have been re- 
moved, and the accuracy of orientation on the instrument is being checked against a second 


transfer record. B, Centric relation having been proved, preparation is made for the cusp and 
sulci analysis and the generation of the cuspal path. 


Fig. 13.—The posterior teeth have been reattached with an autopolymer resin, and ground 
to conformity with the stone path at the established vertical dimension. 
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followed eliminates this difficulty. The procedure applies, not only to new dentures, 
but whenever servicing is required. 

Both dentures may be completed to accurate centric and vertical relations 
after the try-in. No provision is made for balance except conformity of the upper 
posterior teeth to the arcs of the compensating curve. 

After processing, both dentures are returned to the articulator and adjusted, 
if necessary, to bring them to the correct vertical relationship. They are then 
keyed for remounting, polished, and again mounted on the articulator with plaster 
mounting casts. 

The bicuspids and molars are removed from the lower denture. This permits 
the recording of centric relation proved by repeated identical transfer records, 
cusp and sulci analysis, and generation of the cuspal path, all at the vertical 
dimension of occlusion. These procedures are performed as previously described 
(Fig. 12). 

After the cuspal path has been poured in stone and attached to the articulator, 
the lower posterior teeth are repositioned and ground to conformity with its con- 
tours at the established vertical dimension. The teeth are reattached by an auto- 
polymerizing resin (Fig. 13).— 

SERVICING 


Occlusal relationships should be checked soon after the insertion of new 
dentures and at appropriate intervals thereafter. 

In the procedures just described, the denture bases are well seated by the 
time the cuspal path has been generated. It is rarely necessary to make early 
adjustments due to the displacement of the underlying soft tissue. Especially is 
this true when centric and functional relationships have been recorded on the fin- 
ished denture bases. 

Resorption of the ridges may destroy occlusal harmony. Representative symp- 
toms are a complaint of looseness, sore spots on the ridge areas (not associated 
with border overextension), and visual evidence of displacement when the teeth 
are occluded sharply. Lack of complaint by the patient does not relieve the 
prosthodontist of the responsibility of preventing unnecessary destruction of sup- 
porting structures. 

When service is needed, a face-bow transfer and centric relation interocclusal 
record are employed to relate the upper and lower dentures on an articulating 
instrument. This greatly facilitates diagnosis and treatment planning. When the 
loss of vertical dimension causes anterior trauma, temporary occlusal platforms 
of wax or compound can be fashioned quickly on the lower posterior teeth and 
carried to the mouth for further appraisal (Fig. 14). If desired, the temporary 
platforms can be constructed of an autopolymerizing resin, permitting the patient 
to wear them a few days until an appointment can be made for accurate correction. 

Many times the lower posterior teeth can be repositioned to a new centric oc- 
clusion and cuspal path, no other correction being necessary. This can be accom- 
plished exactly as in the last method described for new dentures with equally 
good results (Fig. 15). The lower anterior teeth can easily be modified at the 
‘ame time if indicated. 





Fig. 14.—The articulator mounting was accomplished by face-bow and centric relation 
transfer records. Centric occlusion has been established in compound for appraisal in the mouth, 


Fig. 15.—A, A cuspal path generated on top of the posterior teeth re-establishes the vertical 
relation and restores occlusal harmony. The teeth will be corrected to conform with this 
path. 8B, The anterior teeth can be included in this record if indicated. - Correction will be ac- 
complished as in Fig. 13. 
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When the tissue surface of the lower denture requires readaptation, impres- 
sion paste may be used within the denture base. The border extension is first de- 
termined, and undercuts are eliminated. Transfer records can then be secured 
with the use of the completed impression as a base. This permits the proper ar- 
ticulator mounting before the denture is removed from its stone cast. 


B. 


Fig. 16.—A, The’ denture was adapted to the mouth with impression paste and a new cast 
was formed. The centric relation and a new cuspal path have been recorded. B, The denture 
is waxed in position on the instrument. The teeth will be ground to conform with the cuspal 
path, 
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If desired, the cuspal path can be generated on the denture before the base 
is processed. When this is the method of choice, the denture is removed from 
its cast and readapted, if necessary, to serve as a fitted base. Duplicate centric 
relation registrations can be obtained and the cuspal path generated and trans- 
ferred to the articulator. 

After the stone path is poured and attached to the instrument, the denture 
is waxed to place on the cast in an appropriate position to permit the teeth to be 
ground to conformity with the path at the correct vertical dimension (Fig. 16). 
After processing, the denture is returned to the instrument for correction of 
processing errors before delivery to the patient. 

Greater precision is realized if the base is processed first, the posterior teeth 
then being repositioned to the centric occlusion and cuspal path which are recorded 
on the corrected base. This is accomplished in the manner previously illustrated 
in Fig. 13. 


Fig. 17.—A, Left lateral occlusion showing the multiple contacts of teeth on the working 
side. B, Left lateral occlusion showing the multiple contacts on the balancing side. 
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When the upper denture also requires readaptation, but no more reposition- 
ing with respect to the occlusal plane than can be accomplished with a reline im- 
pression, that service is performed in the usual way. The lower denture is then 
corrected as previously described. 

By the time extensive destruction requires gross repositioning of both den- 
tures in relation to the occlusal plane, it is time to replace them with new ones. 
Though correction is still possible, it is rarely considered practical. 

When dentures constructed or corrected by these methods are introduced into 
the mouth, it can be observed that the patient can move the mandible freely in glid- 
ing excursive movements, can occlude the teeth sharply, and can perform directed 
cyclic movements without visible evidence of denture displacement (Fig. 17). 

Through the years, the favorable influence of well-coordinated inclined planes 
is evidenced by the relatively low incidence of patients presenting mandibular 
protrusion and anterior trauma due to resorption of the underlying structures. 


REFERENCES 


. Swenson, Merrill G.: Complete Dentures, ed. 3, St. Louis, 1953, The C. V. Mosby Co., 
p. 694. aa : 
2. Gysi, A.: Practical Application of Research Results in Denture Construction, J.A.D.A. 
16:199, 1929. ; : 
3. Swenson, Merrill G.: Complete Dentures, ed. 3, St. Louis, 1953, The C. V. Mosby Co., 
p. 223. 
. Boucner, Carl O.: Occlusion in Prosthodontics, J. Pros. DEN. 3:633, 1953. 
. Shanahan, Thomas E. J.: Physiologic and Neurologic Occlusion, J. Pros. Den. 3:631, 
1953. oer 
. Hildebrand, G. Y.: Studies in Mandibular Kinematics, Dental Cosmos 78:449, 1936. 
7. Boswell, Jesse V.: Practical Occlusion in Relation to Complete Dentures, J. Pros. DEN. 
1:307, 1951. 
. Kurth, L. E.: Mandibular Movement and Articulator Occlusion, J.A.D.A. 39:37, 1949. 
. Jankelson, Bernard, Hoffman, George M., and Hendron, J. A., Jr.: The Physiology of 
the Stomatognathic System, J.A.D.A. 46:375, 1953. 
. Downs, Bertram A.: Personal communication. 
. Yurkstas, A. A., and Emerson, W. H.: A Study of Tooth Contact During Mastication 
With Artificial Dentures, J. Pros. DEN. 4:168, 1954. 
. Sears, Victor H.: Chewing Members, J. Pros. Den. 1:761, 1951. 
3. Sears, Victor H.: Thirty Years of Nonanatomic Teeth, J. Pros. Den. 3:596, 1953. 
. Shanahan, Thomas E. J.: Dental Physiology for Dentures, J. Pros. DEN. 2:3, 1952. 
5. Jankelson, Bernard: Clinical demonstration, Denver Study Club, 1954. 
. Pleasure, Max A.: Occlusion of Cuspless Teeth for Balance and Comfort, J. Pros. DEN. 
5:305, 1955. 
. Porter, Chastain G.: The Cuspless Centralized Occlusal Pattern, J. Pros. DEN. 5:313, 1955. 
. Swenson, Merrill G.: Complete Dentures, ed. 3, St. Louis, 1953, The C. V. Mosby Co. 
p. 303. 
. Granger, Ernest R.: Centric Relation, J. Pros. Den. 2:160, 1952. 
. Sicher, ~ Biologic Significance of Hinge Axis Determination, J. Pros. DEN. 6:616, 
19 ‘ 


. Kingery, R. H.: A Review of Some of the Problems Associated With Centric Relation, 

J. Pros. Den. 2:307, 1952. 

22. Robinson, Saul C.: Equilibrated Functional Occlusions, J. Pros. Den. 2:462, 1952. 

‘3. Meyer, F. S.: A New, Simple and Accurate Technic for Obtaining Balanced and Func- 
tional Occlusion, J.A.D.A. 21:195, 1934. 

‘4. Meyer, F. S.: Can the Plane Line Articulator Meet All the Demands of Balanced and 

F Functional Occlusion in All Restorative Work? J. Colorado D. A. 17:6, 1939. 

5. Swaggart, L. Wood: Comfortable and Accurate Functional Occlusion in Full Denture 

Prosthesis, J. Colorado D. A. 22:6, 1943. 

‘6, Central Nebraska Study Club: Construction of Full Dentures With Balanced Functional 
Occlusion, as taught by Fred S. Meyer, J. Pros. Den. 4:440, 1954. 


1132 Repusrtic BUILDING 
DENVER 2, CoLo. 








POSTERIOR OCCLUSION IN COMPLETE 
DENTURE CONSTRUCTION 






CLARE W. Sauser, D.D.S., M.S.D.* 


Fort Clayton, Canal Zone 







EADERS OF DENTAL LITERATURE frequently find it necessary to 
R wade through involved writings in search of answers to their problems. The 
unrewarding part of such a search is that so often one finds authorities of great 
esteem in the field rather equally divided into diametrically opposed schools of 
thought. One can reconcile such a circumstance only by the deduction that both 
schools hold individual merit. 

Nowhere in the field of prosthetic dentistry is such a division of authoritative 
view so evident as in the problem of complete denture occlusion. Here it would 
almost seem the two principal techniques (anatomic versus nonanatomic) are with- 
out reconciliation. This is true only until one determines the end sought by both 
groups. While they differ in means of attainment, all prosthodontists are agreed 
upon ultimate objectives of restoration to comfort and a maximum of esthetics, 
speech, and chewing performance without causing additional destruction to the 
denture-supporting tissues. 

While there still remain those who adhere to placement of anterior teeth in a 
position of both vertical and horizontal overlap, modern practice in many tech- 
niques is to eliminate the vertical overlap. This use of a near zero degree incisal 
guidance “materially reduces all guiding inclines of posterior teeth, thereby reduc- 
ing lateral stresses and tissue trauma.’” An anterior set-up will prove to be estheti- 
cally pleasing if it is accomplished as a clinical procedure in the patient’s presence 
(Fig. 1). This is not readily relegated to a laboratory assistant. Practice has 
taught that performing the anterior set-up as a one-appointment procedure is less 
time consuming than attempting to adjust a set-up previously accomplished in the 
laboratory. 

With the anterior teeth positioned on the bases so as to produce an acceptable 
appearance without interlocking in centric position, the way is free for the selection 
and use of any type of posterior tooth form the mouth conditions should dictate. 

























ANATOMIC TOOTH FORMS 











In pure form, the term “anatomic tooth” would properly apply to those pos- 
terior tooth forms copied from the human teeth. These forms are said to provide 
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cusp inclines varying from 20 degrees to 45 degrees. Such forms are marketed 
in both porcelain and acrylic resin materials. They present varying numbers and 
sizes of secondary ridges and sulci. Some are purported to permit cusp to sulcus 
arrangement with allowance for the Bennett movement. 





B. 


1.—A, Anterior teeth arranged with no vertical overlap. B, The completed dentures 
in the mouth. 
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Posterior teeth are set to the occlusal plane according to a template, or with 
certain cusps in a specific relationship to the horizontal, in order to produce both 
anteroposterior and buccolingual compensating curves. The lower teeth should 
be placed so the masticatory load is centered over the crest of the ridge. The cusps 
interdigitate and permit free lateral movements in working and balancing occlusions 
according to the articulator settings (Fig. 2). 


B. 


Fig. 2.—Dentures remounted on the articulator for reducing processing error. A, Working 
occlusion. B, Balancing occlusion. 


After processing, the casts and dentures are returned to their original mount- 
ings, and the occlusion is perfected with stones according to a definite formula.’ 
Any interferences remaining are relieved by interocclusal registrations and re- 
mounting, or by testing in the mouth and grinding where necessary. 

Such a careful and detailed technique as is briefly outlined here should result in 
dentures which provide comfortable service to the wearer. Presupposing the use 
of casts from good impressions and bases of proper contour and permanent form, 
there is no factor more important to the comfort of a denture wearer than properly 
occluding posterior teeth. 
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INDICATIONS FOR ANATOMIC TOOTH FORMS 


Edentulous individuals possessed of good general health and _ well-healed 
ridges in an ideal relationship can be considered candidates for an anatomic com- 
plete denture occlusion if they are not beyond average middle life. 

Glickman®* describes, in connection with periodontal health, a metabolic bal- 
ance which he terms “bone factor.” This qualitative analysis of the bony tissues 
of the periodontium can be readily transferred to the complete denture foundation. 
He says, “When the individual bone formative capacity is good, a positive ‘Bone 
Factor’ exists and the destructive effect of local factors upon alveolar bone is 
minimized.” 

One further circumstance must be present also to assure continued comfort 
to the patient. He must be available to recall and examination at intervals not to 
exceed six months. This is important because of the minute loss of vertical di- 
mension which may occur, due to abrasion of the teeth and modeling resorption 
of the alveolar bone (an entirely physiologic process). This change in vertical 
dimension may rob the denture wearer of the comfort previously enjoyed. This 
is due to the loss of the anteroposterior synchronization of cusp inclines in the 
altered ridge relation. Throughout the life of the dentures, repeated checks of 
occlusion, with adjustments to continue harmony, are necessary to comfort and 
health.* 


CONTRAINDICATIONS OF ANATOMIC TOOTH FORMS 


Persons suffering from chronic systemic ills, or those in their declining years, 
should not be subjected to the use of an anatomic denture occlusion. It can be 
supposed that these groups constitute a large portion of those said to possess a 
negative “bone factor.” ‘‘When throughout the skeletal system a tendency toward 
bone resorption exceeds the individual bone formative capacity, a negative ‘Bone 
Factor’ exists and the destructive effect of local factors upon alveolar bone is 


exaggerated.” 

Evidence by proper histologic investigation is lacking, but sufficient patients 
appear daily in clinics and offices to offer clinical evidence that rapid destruction 
of residual alveolar bone does occur in denture wearers of this type. It appears 
logical to assume that much of this destruction is contributed to by the adverse 
forces (local factors) generated when a cusped occlusion loses (or never attains) 
its harmony. DeVan* has stated the hazards to residual alveolar bone if excessive 
horizontal forces are exerted upon it. The contention that such shear forces are 
generated when incline planes of opposing cusps engage a bolus of food seems 
well founded. 

One must recognize the wisdom of frequent appointments for complete den- 
ture patients for examination and necessary adjustment of their artificial dental 
apparatus. Wise as this is, a great deal of difficulty in approaching the ideal must 
be admitted. This is especially true in military service, where changes of station 
for both the dentist and the patient are common occurrences. Therefore, where 
a reasonable degree of uncertainty exists as to the probability of continued service 
to the anatomic occlusion, this technique would appear to be contraindicated. 
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Most techniques for using anatomic posterior teeth require rather elaborate 
equipment. Probably the minimum equipment is the face-bow and an adjustable 
articulator. The needle point tracing device can be eliminated where a proper 
wax interocclusal record technique is employed.* This could create a problem, 
especially in military field service where some pieces of equipment may not be 
available or where sufficient quantities of all items may not be present to support 
the demands of a busy prosthetic service. It would not seem unreasonable then 
to consider this technique impractical where the necessary armamentarium is 
lacking to carry it to completion. 

Immediate complete dentures are a subject unto themselves. Properly man- 
aged, they are a valuable therapeutic aid in the difficult transition from natural 
to artificial dental apparatus. Realizing the considerable bony change which is 
the natural physiologic process, it would appear to be courting trouble unnecessarily 
to complicate the occlusal problem by the use of anatomic teeth. 


NONANATOMIC TOOTH FORMS 


Sears’ says, “The term ‘nonanatomic’ as applied to artificial posterior teeth, 
and especially to their occlusal surfaces, means that such teeth are designed in 
accordance with mechanical principles rather than from the anatomic standpoint.” 

Sears® also lists several specifications which are important in distinguishing 
the true nonanatomic tooth form. The essential specification is that the working 
occlusal surfaces be devoid of cusps or inclined planes that might hinder the 
free horizontal gliding of opposing surfaces as the mandible carries the teeth 
into protrusion or toward centric position. Hardy’ lists several designs of pos- 
terior tooth forms which, although mechanical in nature, do not adhere to this 
principle of noninterference. For purposes of this discussion, such forms are 
considered to possess the same limitations and destructive potential as anatomic 
forms despite their mechanical design. 

Much has been written regarding the relative merits of various nonanatomic 
tooth forms. Not a little of this controversy has centered about the subject 
of chewing efficiency. Testing with a variety of food substances has led me” to 
the general conclusions that the preponderance of cutting edges should lie on the 
upper occlusal surfaces and that these edges should run in a direction nearly 
parallel with the residual ridge, or at a diagonal to it, rather than at right angles 
to it. Evidence has been presented" to show that no demonstrable difference in 
efficiency occurs between groups of denture wearers using anatomic tooth forms 
and those using nonanatomic occlusal schemes, when the latter are planned for 
maximum chewing ability. 

After the anterior teeth are positioned as previously described, the lower 
occlusion rim should be redesigned to establish the occlusal plane. This plane will 
lie at the height of the lower anterior teeth and should parallel the general level 
of the weaker denture-bearing area (Fig. 3). The upper posterior teeth are 
set to this lower wax occlusion rim with their occlusal surfaces forming a hori- 
zontal plane as described by Hardy” (Fig. 4). If a decided disparity exists 
between the span of the upper and lower ridges, this occlusal plane can be in- 
clined to produce a reverse curve as advocated by Boswell” (Fig. 5). 
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DeVan™ has given considerable weight to the importance of placing the oc- 
clusal table within the confines of the denture foundation area. In his prac- 
tice of the “Neurocentric Concept,” he advocates the positioning of the posterior 
teeth in as central a position in relation to the denture foundation as tongue 
function will permit. Stability of the denture in function is thereby enhanced 
to the degree that efforts to provide bilateral balance through the use of balancing 
inclines are not only unnecessary but undesirable. 


Fig. 3. 


Fig. 4. 
Fig. 3.—The lower occlusion rim is redesigned to parallel the lower denture base plane. 
Fig. 4.—Modified French’s posteriors set to the horizontal occlusal plane. 


In those instances where the interalveolar distance is minimal, where tongue 
function will not permit the ideal “centralization,” or where, for other reasons, 
bilateral balance seems essential, balancing elements can be added distal to the 
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lower occlusal table. Such elements can be in the form of a molar tooth” o1 
simple additions of acrylic resin base material (Fig. 6). 






INDICATIONS FOR NONANATOMIC TOOTH FORMS 











Patients exhibiting abnormal ridge relationships which would require the 
use of a “‘cross-bite” or other type bizarre arrangement of posterior teeth are 
most easily managed by a nonanatomic occlusal scheme. Where no incline planes 
or cusp heights exist, mediolateral placement of the occlusal surfaces, so as to be 
both in centric occlusal contact and centralized over denture supporting struc- 
tures, is possible. The absence of inclines will further enhance stability in func- 
tion because only minimal horizontal forces will be generated when the two par- 
allel occlusal surfaces engage a bolus of food. 
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Fig. 3.—The lower occlusion rim is redesigned to parallel the lower denture base plane. 





Individuals who have ‘“‘negative bone factor” because of declining years, poorly 
managed systemic ills, or other more obscure causes are candidates for a non- 
anatomic occlusion. If the state of metabolic balance would appear to be pre- 
carious, the only safe method for the preservation of osseous denture-supporting 
structures is to ensure, as nearly as possible, denture stability in function. 

Patients who have suffered traumatic injuries which destroyed substantial 
amounts of the osseous denture-bearing structures, those who have, by surgery, lost 
one or both condyles, and patients with congenital defects such as the cleft palate, 
all need careful management of the occlusal scheme to ensure stability of appli- 
ances in function. The importance of stability, as a desirable quality of complete 
dentures, becomes increasingly apparent as the anatomic structures necessary to 
retention are lost to the patient. The judicious application of a nonanatomic 
occlusal scheme would appear to offer the nearest positive solution. 

Moyers” comments about the frequency of abnormal reflex patterns in later 
life occasioned by loss and tipping of teeth. This abnormal pattern results in an 
eccentric occlusion which is difficult to obviate in the process of registering 
centric position prior to construction of immediate complete dentures. The 
hazard of perpetuating an erroneous mandibular relationship is great if a cusped 
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occlusion is established to other than an absolutely accurate registration. A _hori- 
zontal occlusal scheme without interfering cusp inclines, however, permits the 
early memory loss of jaw positions assumed to avoid occlusal disharmony. For 
this reason, it would seem prudent, in immediate complete dentures, to establish 
a nonanatomic occlusal scheme. When second dentures are constructed, the regis- 
tration of centric relation will be made easier by the fact that all previously 
learned and used habit eccentric positions are forgotten. 


B. 


Fig. 6.—Dentures with an acrylic resin balancing element remounted for reducing the processing 
error. A, Working occlusion. B, Balancing occlusion. 


Persons exhibiting habits of bruxism or nervous toying with artificial ap- 
pliances in eccentric positions will be less liable to inflict serious injury on the 
denture-supporting tissues if a cuspless occlusal scheme is used which embodies 
an anterior tooth arrangement without a vertical overlap. These nervous habits 
are, to a large degree, frustrated if the occlusal surfaces glide easily over one 
another in all directions with no cusps or projections to catch or trip the dentures. 


CONCLUSIONS 


The controversy which rages between the advocates of an anatomic occlusion 
in complete denture prostheses and those stressing cuspless, nonanatomic occlusal 
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schemes will not be solved except by the application of judgment based upon 
biologic principles. DeVan" has suggested that of twenty edentulous persons, the 
supporting structures of one will tolerate any type of appliance without suffering 
appreciable degeneration, and a second will display rapid deterioration under 
any management. Between these extremes lie the masses of the denture-wearing 
patients who require individual management through selective techniques in 
order to ensure the minimal inflammatory reaction of the mucosa attaching the 
denture to its osseous base. 

Criteria for the selection of complete denture occlusal schemes have been 
presented. In general, it is proposed that a detailed technique producing an 
anatomic occlusion be utilized only for those patients who have an ideal ridge 
relationship, are in their prime of life without apparent physical ills, and who 
will return at proper intervals for examination and necessary adjustment of the 
occlusal scheme. 

A nonanatomic, cuspless occlusion with variations of technique is the scheme 
of choice for patients who have abnormal ridge relations, congenital or acquired 
bony defects, who are at an advanced age or chronically ill, and for those for 
whom immediate dentures are to be made. 
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A METHOD OF OBTAINING ACCURACY IN FIT OF 
IMMEDIATE DENTURES 


Jan F. Kine, Captain (DC) USN 
Mare Island Naval Shipyard, Vallejo, Calif. 


5 ie METHOD OF FITTING an immediate complete denture may be 
used as an adjunct to any technique of immediate complete denture con- 


struction. 
For the purpose of brevity, it will be assumed that accurate casts have been 


properly mounted on an articulator ready for the final arrangement of the teeth. 


PROCEDURE 


As each tooth is cut off the cast, the artificial tooth to replace it is placed 
in position. In most instances, no other modification of the cast is made. Occa- 
sionally, it may be expedient to do a slight modification in areas representing 
massive bony prominences. However, such trimming is always minimal, and it 
is not done to produce a cast form approximating that of the ridge following the 
completion of surgery. 

The set-up is completed. Subsequent laboratory procedures are carried out 
to produce a finished denture ready for delivery except for a final correction of 
the fit. 

At the next appointment, the surgical procedures are carried out first. It 
should be noted that during these procedures, only matters of surgical significance 
need be considered. Naturally, one of the objectives will be to produce a favorably 
shaped denture-supporting area. However, it is not necessary to attempt to shape 
the ridge to fit the denture as is done with clear acrylic resin templates or equiva- 
lent guides. When the surgery is complete, sutures are placed so as to close all 
socket openings entirely. If sutures cannot successfully close a socket opening, a 
patch of tin foil held in place with denture adhesive wili suffice. 

The denture may now be placed in position and checked as to occlusion 
and border extension. A space of varying dimension will be apparent between the 
surgically trimmed ridge and the inner surface of the adjacent flange. This is due 
to the fact that little, if any, modification was performed on the cast. For this 
reason, the denture will go to place very easily and without any suggestion of bind- 
ing. The space, thus present, is to be filled by means of a corrective lining of acti- 
vated resin adapted in the mouth directly to the surgically treated area. 

The denture is removed, cleansed, and dried in readiness for the activated 
resin correction. A pencil line may be drawn on the inside of the denture to 


The opinions or assertions contained herein are those of the author and are not to be con- 
Strued as official or as reflecting the views of the Navy Department or the Naval Service 
at large. 
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outline the area to be corrected. This will aid in the proper placement and later 
trimming of the reline material. The polished surface and the teeth, if made oi 
acrylic resin, should be lubricated to prevent the adhesion of excessive lining ma- 
terial as it escapes over the edge of the flanges. 

A mix of resin is prepared. When it has reached approximately the consist- 
ency of an alginate impression material, a suitable quantity is applied to the sur- 
face of the denture to be corrected. The denture is seated with firm pressure. The 
patient must close into centric occlusion and maintain steady pressure for one 
minute. Border-trimming manipulations may be accomplished during this interval. 
At the end of one minute, the resin will have become noticeably firmer. 

The denture is removed and examined for a possible deficiency or excess of 
reline material. Either should be corrected without delay, and the denture should 
be reseated. Again the patient is directed to close into centric occlusion and main- 
tain steady pressure for several more minutes. The pressure is maintained until 
the reline material has become hard enough that removal of the denture cannot 
deform it. 

The denture is removed, rinsed clean, and placed in a bowl of water to bench 
cure. When the cure is complete, the denture is finished, polished, and ready 
for insertion in the mouth. 

The sutures and any fragments of acrylic resin which may have become en- 
meshed in them are carefully removed. 

The denture is dusted lightly with denture adhesive powder for added se- 
curity during the first twenty-four hours, and placed in the mouth. The patient 
is given instructions as to the care of the denture, and an appointment is made for 
examination and treatment the following day. 


SUMMARY 


A method for producing an immediate denture by a two-stage process of 
adaptation has been described. Initially, the denture is built to a cast with minimum 
modifications. The final correction and adaptation is accomplished following the 
extraction of the remaining teeth by use of an activated acrylic resin lining adapted 
directly to the surgically modified area of the mouth. 


CONCLUSIONS 


1. An immediate denture technique which is adaptable to any patient and 
to all conditions has been described. 

2. The method offers the dentist an opportunity to achieve consistent success 
in the fitting of immediate dentures. 

3. The accuracy of fit provides excelient retention and stability. 

4. Postoperative bleeding and edema are minimal. 

5. Adjustments in the region of the surgery are rarely necessary. 

6. The method is not unduly time-consuming, and the necessary materials 
are readily available. 
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A CEPHALOMETRIC STUDY OF REST POSITION IN EDENTULOUS 
PERSONS: 
INFLUENCE OF VARIATIONS IN HEAD POSITION 


SUMNER CoHEN, D.M.D.* 


Boston, Mass. 


HE OBTAINING OF VERTICAL rest position, and consequently the 
D ciusidieis rest position, is of fundamental importance to all who are con- 
cerned with the restoration of a normal oral function. As dental students, we are 
told of the possible complications which may develop if an inaccurate vertical di- 
mension is registered during the construction of a prosthetic appliance. To increase 
the occlusal vertical dimension might lead to pathologic resorption of bone, increased 
stretch on some muscles, decreased stretch on others, or grinding of the teeth; 
if the occlusal vertical dimension is not restored sufficiently, there may be a loss 
of tone in the muscles of facial expression, forward position of the mandible, or 
temporomandibular joint disturbances. | 

It was largely due to the work of Thompson and Brodie’ that the concept 
of unalterable stability of the resting vertical dimension gained widespread support. 


In a more recent study, Atwood? found that, although rest position is remarkably 
stable, it is not an absolute value, and it is subject to normal and pathologic varia- 
tions. The clinical ability of the operator to put the patient at ease and to make 
the measurement with the patient at rest is, of course, of paramount cephalometric 
importance. Atwood’s analysis of cephalometric data suggests the following con- 
clusions : 


1. In edentulous patients, it is difficult to get consecutive measurements which 
are identical during a given sitting. 

2. In edentulous patients, it is difficult to get measurements which are identical 
in consecutive sittings on different days. 

3. In patients with teeth, the range of variations is generally less than in 
edentulous patients. 

4. Following the extraction of remaining occlusal stops, there is a tendency 
for the clinical rest position to change from the base line measurement. 

5. In edentulous persons, the presence or absence of dentures often affects 
the rest position. 

6. Some people have a wider range of normal and pathologic variations than 
others. 


This essay won the second prize of $300.00 in the Prosthetic Essay Contest for Senior 
Dental Students sponsored by the American Denture Society, in 1956-1957. 

Received for publication Dec. 19, 1956. 

*Senior Student: at the Harvard School of Dental Medicine, at the time this essay was 
written (graduated in June, 1956). Presently interning at the Children’s Medical Center in 
Boston. 

*D. A. Atwood: Personal communication. 
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In these and other studies of the rest position,”* the phrases, “with the head 
properly orientated” and “sitting in an upright position,’ have generally been 
included in the discussion. It was these qualifications of resting vertical dimension 
that gave impetus to my project, which was to determine by means of cephalo- 
metrics what, if any, were the variations of rest position with changes in head 
position. The subjects for this study were taken from the edentulous patients being 








treated in the prosthetic clinic. 






Previous cephalometric studies of the problem were such that a relatively 
small number of exposures were taken at each sitting (varying from one to three) 
with the patient being recalled subsequently for a repeat of the procedure. The 








plan for my project was slightly different. Since I wanted to study the resting 
vertical dimension as related to head position, it was necessary to make the cephalo- 
metric roentgenograms at one sitting in order to eliminate time as a factor. In 
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Fig. 1. Fig. 2. Big. 3, 






Fig. 1—The position of the head when the cephalometric pointer is lined up with the 
orbitale. 

Fig. 2.—The position of the head when the cephalometric pointer is lined up with the base 
of the nose. 

Fig. 3.—The position of the head when the cephalometric pointer is lined up with the 
nasion. 







addition, I wanted a number of pictures at each position so as to have a good indi- 
cation of the rest position and not simply a chance reading which might not be the 
“true” resting vertical dimension. The procedure was planned for six exposures 








at each of three head positions. 






The first position was such that the cephalometric pointer was lined up with 
the orbitale (Fig. 1), the second position had the pointer at the base of the nose 
(Fig. 2), while in the third position the pointer was at the nasion (Fig. 3). 









CONTROL OF EXPOSURE TO RADIATION 


According to the outline, each patient would have eighteen roentgen ray ex- 
posures. I felt the need for determining the amount of radiation each subject 
would be exposed to before proceeding with the experiment. On July 26, 1955, 
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Mr. Charles Spalding, from the New England Deaconess Hospital, took the meas- 
urements. Using a Victoreen condenser type “r’ meter, one roentgen per minute, 
at the 55-inch distance to be used, was measured. These figures were registered 
without the use of an added filter. Since my exposure time was to be 1.5 seconds, 
the subjects would be getting 450 mr. According to the recommendations of the 
National Committee on Radiation Protection in the National Bureau of Standards, 
Handbook 59, September, 1954, my proposed experiment was well within their 
safety limits. Quoting Rule IV-CX entitled “Local Exposure of the Head and 
Neck to X-rays of Any Photon Energy” : 

“For adults whose heads and necks are exposed solely to X-rays from an 
external source for an indefinite period of years; the maximum permissible total 
weekly doses shall be 1500 mr in the skin and (a) 450 mr in the lenses of the eyes 
of persons under forty-five years of age, and (b) 600 mr in the lenses of the eyes 
of persons forty-five years of age or older.” 

Since the patients in this study were older than 45 years, they would be 
receiving less radiation in this “once in a lifetime” procedure than the permissible 
dose allowed for a weekly exposure for the rest of their lives. In addition, I had 
two 0.5 mm. aluminum filters made which, according to data obtained from General 
Electric, would cut down the radiation by at least a factor of two. 


METHOD 


Six exposures were to be made of ten patients at each of three positions. 
Before taking any cephalometric roentgenograms, the subject was instructed to 
remove his dentures. This took place approximately thirty minutes prior to the 
time of actually being seated, and served two purposes: (1) It allowed the jaws to 


come as nearly to rest as possible. (2) It enabled me to establish good rapport 


with the patients. This was imperative so as to eliminate any hesitation and 
tenseness the patients might have when being faced with the rather imposing 
cephalometric apparatus. Gentleness was essential if the patient was to give his 
complete cooperation and confidence, and if a true resting vertical dimension was 
to be registered. 

After the patient was properly seated and the earposts were adjusted at a 
point which could be duplicated, six exposures were made at the first position. 
Before each exposure, the subject was instructed to wet his lips, say “m,” ete. 
After the initial group of six exposures was made, the patient was taken out of 
the chair and given time to relax before the next position was studied. Though 
this procedure was necessary to allow me to change film in the three available 
cassettes, it provided a rest period which would decrease the possible factor of 
fatigue from influencing the results of the study. 

The procedure was repeated a second time before the full series of exposures 
was made. Following this experimental phase of the project, the exposed films 
were developed. Points were selected which could be measured and remeasured 
with no change in reading. These measurements were all made at the same time. 
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RESULTS 


Fig. 4 shows both the range of variation at a given head position, and also 
a comparison of these ranges for each of the three positions studied. The data are 
presented for the ten subjects. Because of the small number of subjects, calcula- 
tions of a statistical nature are not included. 

A rather striking fact brought out by the graph in Fig. 4 is the overlap in 
individual readings which were registered in all of the three positions. Another 
is the absence of any consistent pattern of variation according to head position. 
The averages of the readings at each position also showed no inclination to be 
aligned in a systematic manner. In fact, there is an almost equal distribution of 
the averages into high, low, and middle groupings for the three head positions. 
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Fig. 4—A summary of several features of the study: (a) There was considerable overlap 
in individual readings in the three head positions. (b) There was a lack of a consistent pattern 
of variation according to head position. (c) There is apparently a range of variation of rest 
position for the head positions studied in this experiment. 


Another point observable on the graph deals with the variation in each posi- 
tion. Until rather recently, the studies of Thompson and Brodie’ have been the 
basis for the general acceptance of the thesis of constancy of the rest position. 
However, there is a growing feeling that the rest position is variable, at least to 
a degree. 

My project included six exposures at each of three head positions for ten 
subjects, i.e., data were available for the study of resting vertical dimension in 
the equivalent of thirty subjects. Though my readings were made at a single 
sitting (most studies have been serial in nature), I found that the vertical rela- 
tionship of the mandible to the maxillae was not as constant as had been described 
earlier. Several of these subjects showed a variation in readings of either 0.5 
or 1 mm. in a given head position, while on the other hand, there were three 
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subjects which showed a range of readings of 4.5 mm. (Table I). The other 
subjects showed variations within these extremes. In fifteen instances, there was 
a range of over 2 mm. 


TABLE I. CEPHALOMETRIC DATA FOR THE PATIENTS STUDIED 








PATIENT 





Straight 





Average: 





Up 121 
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120 





Average: | 103.3 | 131.8 | 121.2 | 111.3 | 114 
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124 113 143. 

Down | OES 113. 

$23-S5. | 01 114 

123 113 115 
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Average: : a7 | 123.4 | 112.9 | 113.6 





DISCUSSION 


Because of these results, I feel that any dogmatic statements about the con- 
stancy of the resting vertical dimension is unjustified. Rather, it seems that the 
rest position is more likely an individual phenomenon. In some people, it may 
be remarkably constant; in others, one may find wide variations, just as is the case 
with many other physiologic processes. It would seem that since rest position is 
a physiologic state, just as blood pH and body temperature are, we would expect 
there to be a range of normality of the position of the mandible varying with age, 
health, emotional state, etc. 

A question, which has been raised regarding previous work done in this field, 
was whether or not the results would be different if, instead of making only two 
or three readings at each sitting, five or even ten were made. To study this point, 
I analyzed the first, the first two, and the first three readings and compared these 
with the completed set of six exposures with respect to both averages and the 
rauge of variation of individual readings. 

In most subjects, the average of two readings gave results very similar to 
the average of three measurements. When both of these groups are compared with 
the averages after six readings, there was very close agreement. On the basis 
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of averages, we would feel justified in making either two or three exposures and 
not feel the need to make as many as six to give the “true” resting vertical di- 
mension. 

Comparing the range of readings obtained in the thirty groups under observa- 
tion, we find that three readings are within 0.5 mm. of the range of six readings 
nearly twice as often as with two exposures. Therefore, using range of variation 
as a criterion, three readings appear to be more reliable than only two. However, 
clinically, the question arises as to which is more important—ranges or averages. 
I feel that it is the latter that we strive to register, and as a result, on the basis 
of the foregoing, either two or three readings should be satisfactory in determining 
resting vertical dimension. 












SUMMARY 





1. The research project undertaken was to make a cephalometric analysis of 
resting vertical dimension in edentulous persons to study the possible effect of 
specified head positions on rest position. The range of head position was of a 
clinical nature ; that is, the anatomic but nonclinical extremes of head position were 
not examined. Rather, the three positions considered were those that might very 
well be encountered clinically. 

2. The nature of the experiment allowed for additional analyses which con- 
cerned (a) variation within a given position, and (b) the number of exposures 
needed to produce reliable results. 











CONCLUSIONS 





1. There was a considerable overlap of readings in the three head positions 
studied. (a) The readings within each position were frequently repeated in the 
other head positions. (b) The range of readings obtained in each position showed 
a great deal of overlap for each subject. (c) The widest ranges occurred when 
the head was “up” or “down,” but in general there was no tendency for readings 
to be related to head position. 

2. The resting vertical dimension showed a range of variation for each head 
position. This seemed to be an individual phenomenon. 

3. The results obtained using either two or three readings gave results quite 
similar to that of six readings. It would seem that three is the clinically optimum 
number of readings to take. 

4. The individual readings showed no tendency toward a progressive increase 
or decrease, thereby ruling out fatigue or learning as a factor in this study. 















REFERENCES 










Thompson, J. R., and Brodie, A. G.: Factors in the Position of the Mandible, J.A.D.A. 
29:925, 1942. 

Tench, R. W.: Dangers in Dental Reconstruction Involving Increase of the Vertical 
Dimension of the Lower Third of the Face, J.A.D.A. 25:566, 1938. 


3. Mershon, J. V.: Bite-Opening Dangers, J.A.D.A. 26:1972, 1939. 


33 GLOUCESTER ST. 
Boston, MAss. 









nN 














MOLDING ACRYLIC RESIN ANTERIOR TEETH 
OVER PROCESSED CORE 


EuGENE J. TittMAN, D.M.D. 


Wellesley, Mass. 


ALUABLE CONTRIBUTIONS TO the field of esthetics have been made 
Vin complete denture prosthesis through the use of acrylic resins. Worthy 
of particular attention is the work of Eversull* whose technique for molding and 
staining acrylic resin anterior teeth is both extremely effective and reasonably simple 
of execution. His method enables us to fabricate anterior teeth closely resembling 
natural teeth in every respect of color, both as to likeness of distribution and in- 
cisal translucency, and in qualities of transmitted and reflected light. The method 
to be described is modified from his procedures. 


BODY SHADE 


The six anterior teeth are molded in a metal mold in a selected body shade. 
These are then ground-down to form cores over which further refinements are 
added. To accomplish this primary processing, a mix of acrylic resin in the se- 
lected body shade is allowed to set to a leathery consistency. Portions of it are 
placed in the receptacle for each anterior tooth in the lingual half of a metal 
mold." This resin is covered with a sheet of wet cellophane, the mold is closed, 
and the teeth are processed for thirty minutes with the mold compressed in a small 
crown and bridge press (Fig. 1). Then they are removed from the mold, and the 
flash is ground away (Fig. 2). 

A pattern of incisal translucency is prepared for the central incisors. The 
entire incisal portion is ground away along a line which describes, from mesial to 
distal, two shallow convexities directed toward the incisal edge,-and a sharper 
notch, formed by the juncture of the upturned proximal segments of the arcs form- 
ing these convexities. A thin strip along both the mesial and distal surfaces di- 
rectly continuous with the adjacent incisal areas is also ground away, with the 
angles, formed by the turning of the incisal translucency upward onto mesial and 
distal surfaces, rounded off (Fig. 3). 

The amount of acrylic resin ground from the incisal edge of the central 
incisor is about 1 mm. wide at its narrowest point. This point is found at the 
lowest point in the downward sweep of the contour line between the incisal trans- 
lucency and the remainder of the tooth (Fig. 3). At the notch about 2 mm. are 
ground away. A studied pattern of irregularities, essential to the reproduction of 
a natural appearance, is inaugurated at this time. This is done by grinding the 
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undulating form of the incisal outline so that the mesiodistal dimension of the 
distal convexity is greater than that of the mesial convexity, and the notch formed 
between them will then be eccentrically positioned toward the mesial side of the 
midline of the tooth (Fig. 3). Where mesial and distal translucencies will extend 
along the proximal surfaces of the tooth directly continuous with the incisal trans- 
lucency, a 3 mm. section of the mesial surface should be ground away. Along the 
distal surface, this contour line should be developed upward from the incisal edge 
a distance of 2 mm. (Fig. 4). The proximal sections removed are 1 mm. wide in 
both instances. The contour lines separating the mesial and distal translucencies 
from the body of the tooth should be terminated with a slight curvature toward the 
mesial and distal surfaces (Fig. 4). 

The irregularity of the length of the mesial and distal translucencies is car- 
ried out in conformity with the asymmetry found in color distribution in nat- 
ural teeth. The higher convexities of the contour line are reversed on the two 
incisors, and the relative position of the notch is also reversed (Fig. 4). 


Fig. 1. 


Fig. 2. 


Fig. 1.—Six anterior teeth processed in a body shade. 
Fig. 2.—The six anterior teeth processed in the body shade are removed from the mold, 
and the flash is buffed off. 


Incisal translucencies on the lateral incisors are shaped in a different manner 
than those of the central incisors. The lateral incisors are shortened 1.0 mm. from 
the mesial to the distal surface. The mesio- and disto-incisal angles are rounded 
off, and the grinding is extended upward 2 or 3 mm. onto the mesial and distal 
surfaces, being terminated in a gentle curve to each proximal surface (Fig. 4). 
This contour, which will determine the mesial and distal translucencies, is directly 
continuous with the incisal translucency. The proximal extensions are varied in 
length so that the mesial is slightly longer than the distal on one tooth and so that 
the distal translucency will be slightly longer than the mesial translucency on the 
other tooth (Fig. 4). 
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The cuspids are considerably thicker labiopalatally than the central and 
lateral incisors and consequently have only limited areas of translucency. These 
are located at the angles formed by the junction of the mesial and distal inclines 
of the cusp edge with the mesial and distal surfaces. The angles are ground off with 
a small wheel stone. A longer section is removed from the mesial angle than from 
the distal angle of one cuspid, and the proportion is reversed on the other cuspid 
(Fig. 4). 


Fig. 3. Fig. 4. 


Fig. 5. Fig. 6. 


Fig. 3.—The incisal edge and sections of the mesial and distal surfaces are being ground 
away. Note the notch formed with a wheel stone between the convexities. 

Fig. 4.—The incisal contour lines of six upper anterior teeth have been ground. Note the 
irregularity in the length of the proximal strips removed and the manner in which they ter- 
minate in a curvature away from the midline of the tooth. 

Fig. 5—The palatal surface of the upper right central incisor is being ground-down. 

Fig. 6.—The palatal surfaces have been ground-down 1.0 mm. 


When the patterns of incisal translucency have been prepared by grinding 
from the body shade resin tooth, the lingual surfaces of all six anterior teeth are 
ground down approximately 1 mm. (Fig. 5). Then the teeth are placed in their 
proper receptacles in the labial half of the mold with the lingual surfaces facing 
up (Fig. 6). The lingual surfaces are wetted with monomer (Fig. 7) and imme- 
diately covered over with a dusting of light incisal acrylic resin powder estimated 
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at slightly more than the amount of tooth structure that had been ground away 
(Fig. 8). When all six teeth have been covered with powder, the lingual surfaces 
are wetted with monomer (Fig. 9), covered with a sheet of wet cellophane, and the 
mold is closed. The mold is then compressed in a crown and bridge press and 
placed in boiling water for one minute. It is removed, opened, and inspected. 
If the lingual surfaces of aH six anterior teeth exhibit proper density and accurate 
detail of the lingual half of the mold, a new sheet of wet cellophane is placed over 
the teeth, and the mold is closed again, compressed in a crown and bridge press, and 


ae.) 7- Fig. 8. 


Fig. 9. Fig. 10. 


Fig. 7.—The two central incisors are placed in the labial half of the metal mold and wetted 
with monomer. This step can also be accomplished with six teeth placed in the mold at the 
same time. 

Fig. 8—The palatal surfaces of upper central incisors are covered with light incisal powder. 

Fig. 9—The powder on the palatal surface of the right central incisor is wetted with 
monomer. The left central incisor is about to receive an application of monomer. 

Fig. 10.—The light incisal acrylic resin is processed onto the palatal surfaces of the upper 
central incisors restoring ground-away portions of incisal and proximal surfaces. 


placed in boiling water for five minutes. This will complete the polymerization of 
the thin layer of light incisal acrylic resin and provide the lingual surfaces with a 
coating comparable in translucency to the enamel of natural teeth (Fig. 10). 
When the mold is opened following the one-minute boil, it is possible that 
the resin will not all have the proper density and detail of anatomy. If this is the 
case, the teeth showing porosity and lack of detail are wetted with monomer, and 
another dusting of light incisal powder is added. These defective teeth are wetted 
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again with monomer, the cellophane is replaced, and the mold is closed and boiled 
under compression for one minute. The mold is opened again, and if all of the 
teeth now demonstrate the desired degree of density and detail, the mold is closed, 
compressed, and polymerized in boiling water for five minutes. When polymeriza- 
tion is complete, the mold is opened, the teeth are removed, and the flash is 
buffed off. 
LABIAL GRIND-DOWN 


To develop the natural appearance in the labial surface of the teeth, 1 to 2 mm. 
are ground from the entire labial surface of each of the six anterior teeth. The 
amount will vary with the thickness and contour of different areas of each tooth 
(Fig. 11). Where a check line is to be located, an additional shallow trough or 


Fig. 11. Fig. 12. 


Fig. 13. Fig. 14. 


Fig. 11.—The labial surface of the right central incisor being ground-down. Note the areas 
of incisal and proximal translucency and the undulating contour line separating them from the 
body ot the tooth. 

Fig. 12.—A vertical wedge-shaped relief is being ground along the site of the proposed 
check line. 

Fig. 13.—A semicircular area adjoining the distal surface of the tooth in the region of a 
simulated silicate restoration is being ground away. 

Fig. 14.—The grind-down of the labial surfaces is completed. Note the vertical reliefs for 
check lines and the semicircular relief on the mesial portion of the labial surface of the right 
lateral incisor. 


groove is ground down the full length of the proposed check line from the cervical 
area to the incisal edge (Fig. 12). In the same manner, where the stained out- 
line of a simulated silicate restoration is planned, an additional semicircular area 


is ground away (Figs. 13 and 14). 


ADDITION OF LIGHT INCISAL, CERVICAL COLOR, AND OPAQUE WHITE 


Further refinement is best accomplished by dealing with two teeth at a time, 
father than with all six anterior teeth simultaneously. The reason for this is that 
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the amount of tooth structure to be restored to the labial surfaces of the six 
anterior teeth will vary from one tooth to another. This means that six variables 
are involved, and in the effort to develop the proper addition of acrylic resin to 
each tooth, a certain amount of bench curing takes place in the material added to 
the first two teeth. This will result in an uneven closure of the mold and cause 
more compression than is needed on some teeth and insufficient compression on 
others. 

The two ground-down central incisors are placed in their proper seats in the 
lingual half of the mold. The labial surfaces are wetted with monomer and then 
covered with a moderate dusting of light incisal powder to restore the bulk of 
tooth structure which has been removed (Fig. 15). Then the powder is wetted 
with monomer (Fig. 16). Since this powder possesses an adequate degree of 
translucency, it can be used to restore bulk without appreciably altering the 
color of the body shade beneath. Thus, it gives the tooth in its development of 
natural color the quality of transmitted light due to the translucent nature of the 
light incisal powder, as well as the quality of reflected light, as light striking the 
underlying body shade is reflected back toward the observer. 

Shade 70 or deeper yellow powder is dusted over the cervical third of the 
labial surfaces (Fig. 17) and wetted with monomer. 

Opaque white areas can now be added. Since they are most frequently lo- 
cated in the incisal third of the labial surface of an anterior tooth, they are devel- 
oped by dropping a small portion of opaque white powder (carried in the spoon 
end of a Vehe carver) directly onto the monomerized surface in an appropriate 
location (Fig. 18). This area is now wetted with monomer and followed di- 
rectly by a dusting of transparent powder (Fig. 19). The entire labial surfaces 
of both central incisors are then wetted down, and a light dusting of transparent 
powder is added over the two teeth. They are monomerized once more and cov- 
ered with a sheet of wet cellophane; the mold is closed and compressed in a crown 
and bridge press. The mold is placed in boiling water for one minute, removed, 
and opened (Fig. 20). The acrylic resin added over the ground-down labial sur- 
faces of the two central incisors will now have reached a leathery consistency. 
However, if one or both teeth reveal porosity and imperfect recording of the de- 
tail developed in the labial half of the mold, then they must be wetted with an 
application of monomer again followed by a light dusting of transparent powder. 
This coating is wetted with monomer once more, the teeth are covered with wet 
cellophane, and the mold is closed again and boiled under compression for one 
minute. It is then removed from the water and opened. In this manner, the labial 
surfaces are restored in bulk, and the proper density of the processing acrylic 
resin is assured. 


ADDITION OF CHECK LINES AND SILICATE RESTORATIONS 


It is when the labial coating of acrylic resin is in a leathery state that check 
lines and simulated silicate restorations can be developed.’ 

An incision is made with a scalpel blade into the leathery acrylic resin, run- 
ning from a point in the cervical third of the labial surface straight downward to 
the incisal edge of the tooth. The incision is made over the groove which had been 
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Fig. 15.—The labial surfaces of the central incisors are being covered with a coating of light 
incisal powder after the surfaces have been wetted with monomer. 

Fig. 16.—The light incisal powder covering labial surfaces of both central incisors is being 
wetted down. 

Fig. 17.—Cervical yellow resin powder has been dusted onto the monomerized surface of the 
left central incisor and is being applied to the cervical portion of the right central incisor. 

Fig. 18.—Opaque white powder being dropped onto the monomerized light incisal covering 
of the labial surface of the tooth. 

Fig. 19.—The labial surface of the left central incisor is being dusted with transparent 
powder directly following the application of monomer. Note the moistened appearance of the 
labial surface of the right central incisor prior to the application of the transparent powder. 

Fig. 20.—The appearance of the labial surfaces after being boiled one minute. The resin 
has a leathery texture. 
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made in the body shape resin tooth (Fig. 14). The groove had been made to insure 
adequate depth to the leathery acrylic resin when the incision was made. Then 
brown stain (acrylic resin powder) is sifted into this incision. 

Where a simulated silicate restoration is planned, a flap is made by a semilunar 
incision into the leathery acrylic resin toward the proximal surface of the tooth. 
The convex part of the flap is developed toward the center of the labial surface. 
The area involved has been relieved previously by grinding out an additional por- 
tion of the labial surface of the tooth to provide at least 1.0 mm. of thickness to 
the leathery resin at the site of the incision (Fig. 14). A small amount of opaque 


Fig. 21. Fig. 22. 


Fig. 23. Fig. 24. 


Fig. 21.—The central incisors are processed. Note the check line added to the left central 
incisor. 

Fig. 22.—A completed set of six upper anterior teeth showing check lines, simulated silicate 
restorations, opaque areas, and incisal translucencies. 

Fig. 23.—The incisal outlines have been ground away on the lower anterior teeth. Note the 
variation developed on the central incisors. 

Fig. 24.—The light incisal acrylic resin has been processed simultaneously onto the ground. 
down lingual surfaces of the lower anterior teeth. 
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white powder is placed under the flap, and brown stain is sifted into the incision 
to provide the stained outline of the margin of the simulated restoration. 

When the stains for the check lines and silicate restorations have been added, 
the labial surfaces of both incisors are wetted with monomer, dusted lightly with 
transparent powder, and wetted again. They are then covered with wet cellophane, 
and the mold is closed and compressed in a crown and bridge press. The resin is 
allowed to bench cure in this position for fifteen minutes. Then the mold is placed 
in boiling water for thirty minutes. After processing, the press and mold are 
placed under cold water for two minutes. The press is released, the mold is 
opened (Fig. 21), the teeth are removed, and the flash is buffed off (Fig. 22). 

The two ground-down lateral incisors are processed in the same manner ex- 
cept that shade 70, or deeper yellow stain, is added to the cervical sixth of the 
teeth, rather than to the cervical third as for the central incisors. 

The translucent resin is added to the cuspids in the same manner as to the 
central incisors, but the shade 70 resin is extended over the labial surfaces from 
the cervical margins halfway to the incisal edges. 


LOWER INCISAL PATTERNS 


The lower anterior teeth are fabricated by following the same sequence of steps 
observed in the development of the upper anterior teeth. The incisal patterns of 
the cuspids and lateral incisors are formed with an outline similar to that used in 


the upper cuspids and lateral incisors, but the central incisors have a translucency 
pattern which is different from that of the upper central incisors. 


Fig. 25.—The lower anterior teeth have been removed from the mold and the flash buffed off 
after the incisal and proximal translucencies have been added. 


The distoincisal angle of one central incisor is ground off along a line about 
2mm. long. Then at a point about 0.5 mm. mesial to the place where this line 
reaches the incisal edge, a small rectangular notch, which is open at the incisal 
margin, is cut down into the tooth. This notch is about 1.0 mm. deep, and 0.5 
mm. wide (Fig. 23). Another notch, rectangular in outline, is cut down into the 
tooth from the incisal edge and located halfway between the midline and the 
mesial surface. This notch, however, is cut to a depth of 2 mm., and it is only 
0.5 mm. wide in order to maintain a pattern of asymmetry (Fig. 23). The mesio- 
incisal corner of the tooth is not disturbed. 

The incisal edge of the other central incisor is modified by grinding away 
the mesio-incisal angle in the same manner as on the disto-incisal angle of the other 
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tooth. A band of acrylic resin, 1.0 mm. wide, along the distal surface of the tooth 
is ground away. The cut extends from the incisal edge about 3 mm. toward the 
cervical end. This band is continued over onto the incisal edge extending me- 
sially about 2 mm., and then it is curved downward and back up again to form a 
notch about 1.0 mm. deep and 1.0 mm. wide. The corners at the base of this 
notch are rounded rather than being formed at right angles (Fig. 23). The mesio- 
incisal angle is bevelled off at a shallow angle along a line about 2 mm. long. 
When the incisal edges of the lower central incisors have been modified, the 
final molding of the lingual and labial surfaces of the lower anterior teeth can 
be accomplished in the same manner as the upper anterior teeth (Figs. 24 and 25). 















SUMMARY 





This method of molding and staining acrylic resin anterior teeth allows us 
to reproduce effective likenesses of natural teeth in respect to color distribution 
and irregularities and enables us to. develop the qualities of transmitted and re- 
flected light, two characteristics so vitally important in attaining a lifelike ap- 
pearance in fabricated teeth. 

Six anterior teeth are processed in a selected body shade of acrylic resin. 
Their incisal edges are then modified in a manner which is specific for each in- 
dividual tooth. Then the palatal surfaces of the upper teeth and the lingual sur- 
faces of the lower teeth are ground-down slightly and reconstructed with a light 
incisal acrylic resin powder by placing them in a mold under pressure in boiling 
water for five minutes. After this, the labial surfaces are ground-down and re- 
built in the same manner but with the addition of color variations and anomalies 
as are found in nature. The processing of the labial surfaces is interrupted after 
boiling for one minute for the addition of a check line and the stained outlines 
of simulated silicate restorations. The processing in boiling water in a tightly 
compressed mold is then continued for thirty minutes, after which the acrylic 
resin teeth are completed. 
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A RETAINING DEVICE FOR PARTIAL DENTURES 


M.arTIN HANDLERS, D.D.S., NATHANIEL H. LENcHNER, B.A., D.D.S., 
AND BERNARD WEISSMAN 


Brooklyn, N. Y. 
HIS ARTICLE WILL DESCRIBE a new method for retaining partial 
dentures. By the use of a simple mechanical device based on sound engineer- 


ing principles, most of the disadvantages of previous methods of retention are 
overcome. 


THE COIL SPRING ATTACHMENT 


The device is a metal cylinder which contains a coil spring and a notched cyl- 
indrical bar (Figs. 1 and 2). There is an opening in one end of the cylinder 
through which a portion of the bar protrudes under the action of the spring. 
This action is limited by an adjustable lock screw which is set perpendicular to 
the bar and is received in the notch. All parts are easily accessible and replaceable 
as a unit or in parts. The device is constructed of materials which are compatible 


with the oral fluids. 
TECHNIQUES OF USE 


With Cast Abutments——The attachment is either processed into the acrylic 
resin portion or soldered to the metal framework of the partial denture. It is set 
in such a position so that the tip of the bar protrudes and fits into a receptacle 
previously prepared in the cast abutment (Figs. 3 and 4). In placing the coil 
spring attachment for connection to the appliance, it is positioned so that the bar tip 
remains in place passively once the denture is seated. The function of the lock 
screw is to limit the protrusion of the bar. The retainer requires an occlusal 
rest placed in the opposite proximo-occlusal position from the attachment (Fig. 
4). It is received in a rest seat which has been prepared previously in the cast 
abutment (Figs. 4. and 5). The rest seat is prepared at right angles to the long axis 
of the tooth and should be as deep as practicable. The main functions of the rest 
are to transmit occlusal stresses along the long axis of the tooth and maintain the 
denture in its predetermined position, thereby preventing undue tissue displace- 
ment by the appliance, which would result in rapid tissue changes. Lateral 
stresses are opposed by the occlusal rest, a rigid lingual arm, and the coil spring 
attachment. Together, these components encompass more than one hundred and 
eighty degrees of the tooth circumference. The lingual arm can be positioned in a 
previously prepared inset built into a cast crown (Figs. 3 and 5). 


Presented before the Saint George Study Group in Brooklyn, N. Y., Jan. 20, 1955. 
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With Natural Abutments.—A rest seat is prepared at right angles to the long 
axis of the tooth in the proximo-occlusal position opposite to the position of the 
coil spring attachment (Figs. 4 and 5). The attachment engages the natural proxi- 
mal undercut and is placed so that, once seated, the bar tip remains in place pas- 
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Fig. 1.—The detailed design of the spring retentive device 


Fig. 2.—The retentive device. 


sively, and no pressure is exerted on the abutment tooth. The lingual arm is con- 
nected to the occlusal rest and the framework. The principles of opposing forces 
are satisfied as with cast abutments. 


DISCUSSION 


The retention of removable partial dentures usually depends upon the use of 
clasps, precision attachments, or combinations and variations of these. In order 
for any type of retentive device to function successfully, it should not only fulfill 
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the requirement of retention, but also it should distribute the forces involved 
efficiently, be relatively esthetic, maintain its position during function, be easily 
adjusted, repaired, and replaced, and be readily usable by the dentist. 


VENEER CROWN 
INSET for ARM 
LINGUAL 


RECEPTACLE fo ATTACHMENT 


Fig. 3—A veneer crown designed for the use of the retentive device. 


ABUTMENT TOOTH 

PROXIMAL UNDERCUT 

or RECEPTACLE 

ATTACHMENT sth» APPLIANCE 

Fig. 4.—Diagram of the device in place in the appliance and its relation to the abutment. 
Abutment: (1) A tooth to which a direct retainer is applied for the purpose of support, re- 
tention, and stabilization of a dental prosthesis. (2) A tooth used for the support or anchorage 
of a fixed or removable partial denture appliance. (3) A tooth used for support of a 
fixed or removable partial denture. (4) The anchorage tooth. (5) The terminal tooth or root 


which retains or supports the partial denture; it is united to the restoration by means of a 
retainer. 


Clasps have certain disadvantages: (1) They have a poor esthetic appear- 
ance. (2) The relation of the clasp to the tooth structure changes during func- 
tion. (3) It is impossible to maintain the passive placement of a clasp in an un- 
dercut after it has been once manually adjusted. (4) It is difficult to repair and 
replace broken clasps. (5) They cause an increased susceptibility to caries, 
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Fig. 5.—Diagram of the device in the denture base in relation to the lingual arm and the 
occlusal rest. 


Fig. 6.—A denture with the devices in place. 
Fig. 7—The denture in position. Note the absence of a buccal clasp arm. 
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Fig. 8.—The remaining teeth have been splinted together and prepared for the use of 
the device. 

Fig. 9.—The partial denture for the restoration of the missing teeth in Fig. 8. 

Fig. 10.—A partial denture retained by the device. Note the improved appearance because 
no clasp gold is exposed on the buccal surface. 
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Precision attachments have certain disadvantages: (1) They require prepared 
abutments and castings. (2) They involve extensive laboratory and clinical pro- 
cedures. (3) They tend to loosen. (4) They are easy to adjust but difficult to 
repair and replace. (5) They are most successful on long teeth. (6) It is difficult 
to place a precision attachment completely within the circumference of an abutment 


tooth. 

Elaborate combinations and variations of clasping and precision attachment 
methods have been used in an attempt to overcome these shortcomings. However, 
increasing the advantage in one direction usually tends to increase its disadvantage 
in another. The coil spring attachment effectively combats the disadvantages 
encountered in these methods. 


ADVANTAGES OF THE RETAINING DEVICE 


1. The device maintains its relation to the abutment during function. 

2. No part of the device extends on the labial or buccal surfaces of the abut- 
ment teeth so the esthetics are superior. 

3. Adjustments are rarely, if ever, necessary. 

4. Repair is easily effected because all parts are readily removable and re- 
placeable. It rarely involves laboratory procedures. 

5. The reduction of the contact area reduces the susceptibility to caries. 

6. The use of prepared abutments and castings is optional. 

7. No extensive or new clinical procedures are involved. 


METHOD OF REPAIR AND ADJUSTMENT 


If repairs are necessary, all of the parts are easily accessible, replaceable, and 
interchangeable. By removing the lock screw, the spring and the notched bar can 
be removed, adjusted, and replaced, if ever this is required. 


SUMMARY 


A new type of retaining device for partial dentures has been described (Figs. 
6 to 10). It may be used with or without cast abutments, and it is simple in its 
design, manufacture, and application. It satisfies all physiologic requirements and 
eliminates the disadvantages of other methods for retaining partial dentures. 


CONCLUSION 


The coil spring attachment can be used effectively for most patients who re- 
quire removable partial dentures. Because of the elimination of the disadvantages 
of other methods, the device may have universal application. The results will 
be evaluated after the device has been in service for a greater period of time. 


301 E. 23rp Sr. 
BrooK._yn 26, N. Y. 





TEMPOROMANDIBULAR JOINT SYNDROMES 
L. Laszto Scuwartz, D.D.S.* 


Columbia University, School of Dental and Oral Surgery 
New York, N.Y. 


EMPOROMANDIBULAR JOINT SYNDROMES have been of interest 
Se prosthodontists for many years. In 1921, Monson" suggested a relation- 
ship between the occlusion and symptoms associated with the temporomandibular 
joint. He emphasized “raising of the bite,” a procedure which was not new even 
at that time. In 1934, Costen,* an otolaryngologist, described a group of symptoms 
which he believed to arise as a result of the “closing of the bite” following the loss 
of the posterior teeth. This, he held, caused superior and/or posterior displace- 
ment of the condyle with the symptoms of loss of hearing, tinnitus, vertigo, pain, 
and other sensations of the head, face, and mouth. For the treatment of these 
symptoms, which have since become known as Costen’s syndrome, he advocated 
“bite opening.” 

This treatment, in spite of warnings of dentists as prominent as Schuyler’ 
and Tench,* was widely practiced. It is still in use, and where it has been aban- 
doned other methods of treating the occlusion have been substituted. There can 
be little question of the fact that today occlusion is considered to be the most 
important factor in the management of temporomandibular joint syndromes. 

The investigations at the Temporomandibular Joint Clinic at Columbia Uni- 
versity and my own experiences in practice do not support this point of view. 
Nor do these investigations or experiences confirm Costen’s findings concern- 
ing temporomandibular joint symptomatology. To provide the basis for these 
disagreements, I must go back about six years. 


IMPRESSIONS FOLLOWING RESEARCH 


During 1950, after we had examined numbers of patients at the Temporo- 
mandibular Joint Clinic, two impressions began to emerge. One was that pa- 
tients who were being referred to us by our medical and dental colleagues at 
the Columbia-Presbyterian Medical Center with the notation “Costen’s syndrome” 
presented usually only one of the group of symptoms described by Costen. For 
example, some complained of loss of hearing or tinnitus, others of facial pain or 


“ce 


burning tongue. Since a syndrome is considered to be a symptom complex, “a 
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set of symptoms which occur together,”’ we felt that if one swallow does not 
make a summer, one symptom should not make a syndrome. 

The other impression was that though alteration of occlusion in some way 
or other was the most common approach in treatment, it appeared that the choice 
of method — orthodontic appliance, restorative procedure, or selective grinding 
— depended more upon the interest and familiarity of the practitioner than it 
did upon any particular biologic concept. Technique rather than physiologic prin- 
ciple seemed to determine the treatment. This is understandable, for in spite 
of the great interest in occlusion as evidenced by the study in the rest position 
of the mandible which followed the widespread use of “bite raising,’ an under- 
standing of the physiology of occlusion was, and unfortunately still is, inadequate. 

In addition to the lack of adequate clinical knowledge concerning mandibular 
posture and movement, there is little agreement as to an acceptable basis for 
evaluating occlusion structurally as either normal or abnormal. This situation 
is further complicated by what Oliver Wendell Holmes described as “the learned 
ignorance of a nomenclature.” 

In a problem, complex in itself and complicated by lack of any basic agree- 
ment, we sought an approach clear enough and simple enough with which to 
begin research. After some thought we came to the conclusion that symptoma- 
tology would serve, at least for the beginning, as a common denominator. 

In 1953, 256 patients, mainly women, had been examined with the cooperation 
of interested departments of the Columbia-Presbyterian Medical Center.” * About 
90 per cent complained of facial pain and mandibular dysfunction. The pain was 
usually described as a dull and constant unilateral earache or jawache, sometimes 
involving the head, neck, and shoulder. Limitation of mandibular movement was 
the most common type of dysfunction; clicking of the temporomandibular joints 
and their recurrent dislocation were found less frequently. Some patients de- 
scribed a momentary slipping, jumping, or locking of the mandible, followed by a 
feeling that their teeth no longer meshed properly. For lack of a better term at 
the time, these symptoms were called subluxation. 


THE MYOFASCIAL GENESIS OF PAIN 


Pain was clearly the most pressing problem, and we now sought means of 
controlling it. To accomplish this, it was first necessary to free ourselves from 
prevailing concepts regarding the mechanism of pain associated with the temporo- 
mandibular joint. Costen, for example, held that pain arose as a result of 
pressure on, or near, the chorda tympani and auriculotemporal nerves. This con- 
cept had been questioned by Sicher® and other anatomists, and it was our ob- 
servation that the pain described by our patients was unlike the sudden, paroxys- 
mal, and irregular pain of the neuralgias. Examining our clinical findings in the 
light of the present knowledge of the physiology of pain led us to the tentative con- 
clusion that the pain of which our patient complained may arise in myofascial 
structures. 

This conclusion was supported by the fact that the pain described by our pa- 
tients had the characteristics which had been observed as arising in fascia and 
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muscle, both clinically and experimentally: a dull, constant, diffuse, disagreeable 
ache. In addition, palpation of the masticatory muscles and the temporomandibular 
joints disclosed the presence of painful areas. The question was now whether our 
patients would respond to a widely used and generally successful method of man- 
aging painful muscle spasm—the restoring of function with the aid of local 
anesthetics. 
PAIN-SPASM 


Two studies were undertaken, one with 20 patients using ethyl chloride spray,’ 
and the other with 40 patients using the intramuscular infiltration of a local anes- 
thetic.” In each study, one-half the patients in each group were treated, and 
the effects were compared with the untreated group. The results were encourag- 
ing. With the use of ethyl chloride, seven patients recovered; in two there was 
temporary improvement; and there was no change in one. In the control group, 
there was no change in eight, improvement in one, and recovery in another. Sim- 
ilar results were obtained with the use of intramuscular infiltration. Eleven re- 
ported recovery, seven reported improvement, and two showed no change. In 
the control group, there was no change in sixteen, improvement in two, and re- 
covery in two. With these results, we now sought to define more clearly the 
clinical entity with which we were dealing and to explore its mechanism. 

One thing appeared to be clear. We were not dealing with symptoms caused 
by displacement of the condyles due to the “closing of the bite.” The symptoms 
of facial pain and mandibular dysfunction did comprise a syndrome—a pain-dys- 
function syndrome.” * In some cases there was much pain with little dysfunction, 
and in others little pain with marked dysfunction. But the symptoms were al- 
ways found together in varying ratios. To explore the mechanism of this syn- 
drome, diagnostic surveys were conducted with the cooperation of our medical 
departments. The incidence of organic disease was low. As the first step in the 
search for factors which may be responsible for the functional syndrome with 
which we were dealing, we carefully reviewed the histories of our patients. 


PRECIPITATING FACTORS 


Some interesting facts turned up. Many patients, particularly those with 
painful limited mandibular movements, associated the sudden onset of their symp- 
toms with the following: (1) upon awakening, (2) after sudden or continuous 
mandibular opening, such as in yawning or following a long dental appointment, 
(3) following the sudden or extensive changes in occlusion through restoration or 
selective grinding. 

The first pointed to clenching or grinding of the teeth during sleep, the sec- 
ond and third to a predisposition to muscle spasm. We felt that the predisposi- 
tion, psychologic or physiologic, was more important than the precipitating factor 
itself. These findings did not come as a complete surprise, since psychiatric ex- 
aminations of some of our patients had pointed to the prevalence of tensional 
factors.” The fact that some of our patients seemed to suffer as much from diag- 
noses which proved psychologically traumatic to them as they did from the syn- 
drome itself also emphasized the importance of the temperament of the patient. 
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Before we could attempt to weave the factors which we considered to be etio- 
logic into an acceptable hypothesis, it was first necessary to unravel, if possible, 
the different types of mandibular dysfunction. 


TYPES OF DYSFUNCTION 


Painful limitation was most prevalent and most obvious, resulting from what 
seemed to be a self-perpetuating muscle spasm, operating through a kind of feed- 
back mechanism. But there still remained clicking, recurrent dislocation, the 
so-called subluxation, and a few patients with completely painless limitation of 
long standing. Once again, a study of our patients’ histories came to our aid. 
This study revealed that many patients with painful limitation gave a previous 
history of clicking, this symptom disappearing with the onset of the muscle spasm. 

The relationship between clicking and limitation of movement was also con- 
firmed by clinical observations. Clicking reappeared in patients as, with treatment, 
the muscle spasm was relieved. The same pattern was true of patients suffering 
from recurrent dislocation. In this group, muscle spasm with limitation of move- 
ment often followed the dislocation, with recurrence of the dislocation as the spasm 
was relieved. These observations pointed to the conclusion that the symptoms 
described were due to disturbed muscle function rather than any derangement 
of the joint itself. It seemed to me that incoordination of the mandibular muscles 
was responsible. Hence, this phase of the syndrome is referred to as the inco- 
ordination phase. 


ORGANIC CHANGES 


Though the temporomandibular joint pain-dysfunction syndrome is functional 
in nature, its perpetuation may and does result in organic changes. We examined 
a small group of patients with limited painless mandibular movement. Most of 
them gave a history of painful muscle spasm many years ago. I feel that in these 
patients dysfunction is probably due to contracture of the masticatory muscles. 


A much more common finding is what appears to be osteoarthritis of the 
temporomandibular joint, not always with positive roentgenographic findings. But 
the symptomatology is typical of older, often edentulous patients, with local joint 
tenderness, joint crepitus, a dull ache aggravated by climatic changes and re- 
lieved with aspirin. It is my belief that these changes may occur in patients with 
a long history of clenching or grinding. The way in which degenerative temporo- 
mandibular joint disease develops appears to be similar to the occurrence of osteo- 
arthritis in the elbows of carpenters and the shoulders of pitchers. 


OCCLUSION 


In this discussion we still have not touched upon the important question of 
occlusion. During our research, the treatment of occlusion was avoided for a 
number of reasons: the universality of malocclusion and the lack of any agree- 
ment regarding it, the desire to test out the procedures to which our investiga- 
tions led us without introducing another variable by changing occlusion, and, pos- 
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sibly the most persuasive, the lack of facilities. But the problem of occlusion 
forced itself upon our attention in the following interesting way. 

The most frustrating problem with which we were faced was presented by 
patients complaining of what we decided to call “subluxation.” They complained 
of the jaw locking, slipping, or going out of place with a feeling that the “bite was 
off.” We could see limitation, clinically and roentgenographically. We could hear 
clicking or grating with a stethoscope, and dislocation was too dramatic to be 
missed. But the type of dysfunction described by these patients was simply not 
seen. On more than one occasion, I was tempted to refer them to a psychiatrist 
until an incident occurred that enabled me to understand what these patients were 
talking about. 

I awoke one morning with what I thought was a sore throat. Swallowing was 
painful and chewing difficult. I then noticed that my “bite” seemed to be off. 
I chattered my teeth lightly. There was a premature contact in the area of the 
right first bicuspids. With tight closure my mandible glided to the left. My first 
reaction was that of a patient; I blamed my dentist. But I soon realized that 
I had not seen him for over a year. Where then did this occlusal interference come 
from? Then a thought struck me. I palpated my left internal pterygoid muscle. 
It was painful. I observed that during the opening movement the mandible devi- 
ated to the left. Clenching during the night had precipitated muscle spasm caus- 
ing deviation of the mandible to the right in the rest position, to the left during 
opening. The muscle spasm was treated, and by the following morning the prema- 
turity was gone. My confidence in the stability of mandibular posture and move- 
ment went with it. 

Since this experience I have had the good fortune actually to see this phe- 
nomenon in patients. While I was examining a patient with a painful right in- 
ternal pterygoid muscle, the mandible suddenly deviated to the left (Fig. 1). She 
was unable to make a right lateral movement and it was impossible for her to 
interdigitate the cusps of her teeth. Procaine infiltration of the painful muscle 
did not release the spasm. But half an hour later, while we were talking, the 
mandible visibly jerked to the right. Examination disclosed cuspal interdigita- 
tion (Fig. 2). I had witnessed and obtained photographs of the way muscles 
can create premature contacts. 

Since this time I have seen other patients with this problem and now give 
full credence to these so-called “subluxation’’ symptoms. I now feel that they 
constitute part of the incoordination phase of the pain-dysfunction syndrome. In 
dislocation, the incoordination is anteroposterior. In subluxation it may be medio- 
lateral. It may very well be that a kind of painless transitory muscle spasm is re- 
sponsible for both, being followed in some cases by painful muscle spasm with 
limitation of mandibular movement (Fig. 3). 

The experiences just described confirmed an earlier impression that so-called 
abnormalities of occlusion, except for those which are simple and obvious, should 
not be treated until the acute symptoms of a pain-dysfunction syndrome have 
subsided. When the patient and his mandibular muscles have been relaxed, 
the part that occlusion plays can be more accurately determined. 
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This approach places the responsibility for relaxing the patient, where it is 
possible, upon the dentist. At first we avoided this responsibility by holding that 
our sphere of activity was limited to the treatment of teeth, joints, and muscles, 
and that the psychiatrist was responsible for the emotional state of the patient. Dr. 
Moulton soon corrected this mistaken attitude. With experience, it became in- 
creasingly clear that it simply was not possible to discharge adequately our pro- 
fessional responsibility without considering the whole patient. The management 
of the emotional problems of the patient is limited, of course, to their relationship 
to our own field of interest—not to life as a whole. 


Fig. 1.—The centric occlusion of the patient when in spasm. 
Fig. 2.—The centric occlusion following the release of the spasm. 
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TREATING THE WHOLE PATIENT 


With experience it also became evident that reassurance, to be effective, must 
be based on a complete history, careful examination, thoughtful scientific evalua- 
tion, and sympathetic and patient presentation of conclusions. The history and 


A. 


Fig. 3—A patient in whom spasm followed a dislocation. A, Note the deviation of the 
mandible. B, The opening after procaine infiltration of the internal pterygoid muscle and 
'herapeutic exercises had relaxed the muscle. 
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clinical examination should exclude, with consultation if necessary, the varied 
organic diseases from which facial pain and mandibular dysfunction do, on occasion, 
arise. The data obtained should be viewed from a flexible biologic rather than a 
rigid mechanical point of view. 

Evaluation should consider the anatomic, pathologic, and physiologic, as well 
as the psychologic, aspects of the patient’s problem. As a rule, an opinion should 
not be given until it has matured, and then it should be given in a way which does 
not cause alarm. The word “arthritis,” for example, may bring to the patient’s 


A. 


Fig. 4.—Roentgenograms of the temporomandibular joints of a patient suffering from 
limited painful mandibular movements of six weeks’ duration. A, Before treatment. 8B, After 
one office visit and four months’ home treatment. Crepitus became discernible with the in- 
creased range of condylar movement. This and the roentgenographic findings point to osteo- 
arthritis. 


bf 


mind the prospects of crippling and deformity. The word “dislocation,” may sug- 
gest the need for an extensive and hazardous surgical procedure. The word “mal- 
occlusion” to some patients is equivalent to deformity. Dr. Moulton will discuss 


the psychologic aspects of temporomandibular joint syndromes.” My comments 
are for the purpose of stressing the importance of what she has to say. The more 
patients I treat, the greater stress do I place on the tensional aspects of the problem. 
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But the fact also remains that, regardless of the importance of psychologic 
handling, the patient suffering from temporomandibular pain and dysfunction needs 
physical treatment. Pain must be relieved, muscle spasm must be relaxed, and 
the function of the mandibular muscles improved. Ethyl chloride spray and intra- 
muscular procaine are used to relieve pain, and therapeutic exercises to lessen 
spasm and to restore normal muscle function. Since muscle spasm with the limita- 
tion of mandibular movement is most common, this will be mentioned. 


B. 


Fig. 4, B. (For legend see opposite page.) 


With the patient lying comfortably on her back on a treatment table, she is 
asked to open the mandible to the point of pain. With a millimeter gauge the 
maximal painless mandibular opening is determined. The patient is then asked 
to open the mandible in gentle rhythmic movements against the resistance of a 
hand under the chin. After approximately ten such movements, the patient is 
asked to stretch the masticatory muscles as actively as possible three times. If 
this is painful, local anesthesia is used. The cycle is then repeated. The increase 
in the range of mandibular opening, as determined by measurement, will indicate 
the prognosis. With intelligent cooperative patients, home treatment has proved 
to be effective (Fig. 4). 
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This exercise is based on the physiologic principle of reflex relaxation, namely, 

that relaxation of a muscle is produced by contraction of its antagonist. Thera- 

peutic exercises are used to improve muscle power, elasticity, or coordination, and 
are varied according to the particular clinical problem at hand. 


APPLICATIONS IN PROSTHODONTICS 


The approach which has come out of our investigations, in addition to its value 
in the diagnosis and treatment of temporomandibular joint syndromes, holds the 
promise of interesting applications in the field of prosthodontics generally. We 
have noticed, for example, that our edentulous patients often presented signs and 
symptoms of degenerative temporomandibular joint disease. Because of this ob- 
servation, when examining patients for whom I am considering complete dentures, 
I not only study the size and shape of the ridges, their relationship one to another, 
and the character of the mucosa covering them, but I also observe the range and 


Fig. 5.—Metal cutting blades in plastic teeth opposing metal occlusal surfaces of a lower ap- 
pliance in a patient suffering from osteoarthritis of the temporomandibular joint. This method 
was suggested by Dr. Max Pleasure to minimize the force necessary for mastication. 


character of mandibular movements, listen for joint sounds, and examine temporo- 
mandibular joint roentgenograms for evidence of osteoarthritic changes. I believe 
that such information, when coupled with a complete history and evaluation’ of 
the patient as a whole, will permit prognosis to be judged more accurately simply 
because one does not presume that all is well physiologically with the patient and 
that the only problem at hand is purely a mechanical one (Fig. 5). 


In addition to giving greater meaning to what should be done, a physiologic 
and psychologic approach can pay handsome dividends in indicating what should 
not be done. I have in mind the old man with osteoarthritic joints who has finally 
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adapted, after long years, to what his children consider to be unesthetic and what we 
may find to be poorly constructed dentures. But the old fellow is happy with them. 


A physiologic and psychologic approach may make us hesitate before we 
take away, in the name of ideal occlusion, an old man’s crude but comfortable 
dentures. 
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HARMONIOUS OCCLUSION IN FIXED PARTIAL DENTURES 


Victor E. Wasser, D.D.S. 
Silver Spring, Md. 


ARMONY OF OCCLUSION IS best established prior to the construction 
of fixed dentures. Whether a fixed partial denture is constructed on a uni- 
lateral hinge (used very frequently) or on a larger articulator with fixed condyle 
paths, it often shows considerable occlusal disharmony, and much time must be 
spent at the chair in adjusting it. 
Chewed-in occlusal patterns have been achieved with the swaged-cast type 
of crown. The advent of quick self-curing acrylic resins enables us to use a 
simple technique which results in a completely chewed-in occlusion and eliminates 
the need for soldering in small (3 to 4 unit) fixed partial dentures. The use of 
34 crowns or full crowns for abutments is preferred. 


THE TECHNIQUE 


Prepare the abutment teeth and make copper band impressions. Make copper- 
plated or amalgam dies, construct acrylic resin copings with buccal and lingual 
projections by the paint-on method, and finish them accurately to the margins of 
the preparations. Test the marginal fit of the copings in the mouth. Seat the cop- 
ings and make a plaster impression which need encompass only one tooth adjacent 
to each terminal abutment. This means that a 2 inch tray is adequate for a three 
or four unit bridge. 

Paint the inside of the copings embedded in plaster with mineral oil as separat- 
ing medium, box them with Mouldine, and pour them up with a low-fusing metal. 
Chill them and fracture off the plaster. This low-fusing metal die will be used 
later to establish the contact areas on the wax patterns. 

Mix some quick-curing acrylic resin, moisten the proximal surfaces of the 
copings with monomer, and connect a mass of acrylic resin to the copings. This 
creates a crude acrylic resin bridge on the low-fusing metal die. 

Carefully remove the acrylic resin bridge from the die, insert it in the mouth, 
and eliminate all occlusal contact. Paint the gingival area of the pontic with a 
zinc oxide and eugenol impression paste to obtain an impression of the edentulous 
ridge. Cover the entire occlusal surface of the acrylic resin bridge with softened wax 
(i.e., Aluwax) and ask the patient to chew on it. Chill the wax and remove the 
acrylic resin bridge with its chewed-in occlusal wax pattern. Protect the abutment 
teeth and dismiss the patient. 
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Insert the dies into the acrylic resin copings, box up both sides (upper and 
lower), and pour casts of the wax chew-in record and of the coping side in stone. 
Then relate the two opposing dies by means of notched and lubricated stone surfaces 
which permit vertical movement only. 

Make the wax patterns and establish their proper occlusal surfaces simply by 
closing the stone casts onto the softened casting wax and carving the occlusal sur- 
faces from the remaining wax. Take the individual wax pattern to the low-fusing 
metal die to determine the proper contact areas. 

Three or four unit bridges may be waxed up and cast in one piece to avoid 
soldering. The cast bridge may then be taken back to the cast and its occlusion 
checked and adjusted if necessary. 

This method of fixed partial denture construction will produce occlusal sur- 
faces which will need little if any adjustment at the chair. 


2025 East-West HIGHWAY 
SILVER SPRING, Mp. 





ABUTMENTS AND ATTACHMENTS IN FIXED PARTIAL DENTURES 


KENNETH C. PrupEN, D.D.S. 


Paterson, N. J. 


HE EARLY GOLD CROWNS were stamped or swaged from a piece of 

goldplate and were supplied as shells of assorted sizes. The dentist selected 
the one nearest in size and, after a minimum of tooth preparation, fitted it over the 
abutment tooth. He attempted to adapt the gingival edge with contouring or crimp- 
ing pliers or by cutting a V and soldering the coapted edges to improve the gingival 
fit. The crown was stiffened by flowing solder into the cusp indentations inside 
the crown. Later, more exacting techniques recognized the need to remove com- 
pletely the bulge of the side walls of the tooth in order to obtain accurate gingival 
fit. Wire measurements were made, and goldplate of suitable gauge was cut to a 
pattern for a flaring band. After soldering and contouring the band, the cusp 
section was soldered to it. The cusps were swaged in metal dies made from 
natural teeth or manufactured molds. Many of these crowns, depending on the 
care and skill of the dentist, were very creditable attachments for fixed restorations. 

The gold crown, in spite of its poor gingival fit, poor contours, improper con- 
tact areas, and faulty occlusion, has been the most durable and successful attach- 
ment for posterior abutments. Many of these “old type” gold crowns have sup- 
ported bridges for many years with surprisingly little resultant pathology. Many 
others, however, have been the cause of periodontal lesions, leading to the loss 
of teeth, or they have been responsible for hidden and extensive caries involving 
pulps, causing apical infections, and causing Hunter to condemn “American 
dentistry.” 


EARLY ANTERIOR ATTACHMENTS 


Gold in the front of the mouth was as objectionable then as now, and an 
“open-faced crown” was devised which permitted the enamel to be exposed in 
the incisal half or two-thirds of the labial surface of the tooth even though it had 
a band of gold exposed at the gingival margin. Perhaps worse esthetically than 
the band of gold was the dark or bluish look which characterized these crowns and 
which was due to the abnormal reflection and refraction of light from this closely 
“boxed-in” enamel window. 

The pinledge attachment was developed about 1900. The preparation re- 
quired the cutting of three seats on the lingual aspect of the anterior tooth—one 
in the cingulum area and two on the sides (mesial and distal) about one-third 
of the way from the incisal edge to the gingival margin. These latter seats were 

Read before the Greater New York Academy of Prosthodontics, Dec. 1, 1956. 
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connected by a right-angle groove, and some enamel was removed to make space 
for the occlusion. Pinholes were cut from the seats with a small round bur to a 
depth of about 2mm. They were parallel to the long axis of the tooth and straddled 
the pulp. Pure gold or platinum of a very fine gauge was burnished over the 
lingual surface and into the seats and groove, 25-gauge iridioplatinum pins were 
pushed into the pinholes through perforations in the matrix, and the matrix was 
stiffened with sticky wax. Then, it was carefully teased from the tooth and in- 
vested on the “tooth side” to secure the position of the pins. After cleaning, high 
carat gold solder was flowed over it to unite the parts and produce a rigid backing. 
Pontics were soldered to these attachments by carefully using a lower carat solder. 
The casting process made it possible to wax the patterns in the mouth and cast 
them. Eventually, an indirect method was developed in which a modeling com- 
pound impression was made, and the casting was made directly against a refractory 
investment cast. This made it unnecessary to handle the pins once they were 
secured in the impression. However, this was done before compensating invest- 
ments were developed, and these early castings were seldom accurate. Failures 
resulted from the faulty margins and loose-fitting pins. Esthetically, the pinledge 
was ideal because of the absence of visible gold or tooth discoloration. In caries- 
resistant mouths, many of these attachments gave long and satisfactory service. 
With the advent of the casting process, Carmichael crowns, later known as 
34 crowns, were used widely and successfully. Secure attachments could be made 
with a minimum display of gold on long square teeth. However, the tooth prepara- 
tion required a degree of care and skill which was beyond average, and many at- 
tachments were made which showed objectionable margins of gold on mesio- and 
disto-labial surfaces. Many others did not have sufficient grip to resist the stresses 
applied against them. Loosening on one end allowed unsuspected caries to invade 
pulps, and these failures caused many dentists to avoid the use of the attachment. 


IMPROVEMENT IN CASTING TECHNIQUES 


After the Bureau of Standards measured the shrinkage of molten gold upon 
solidification and developed the cristobalite-expanding investment to compensate for 
this change, and after hygroscopic expansion was understood and was used as an 
alternate method, the gold casting process became so accurate as to make all other 
methods of fabricating attachments obsolete. 


EASIER AND FASTER PREPARATIONS 


Although we could now cast gold crowns accurately, it was still necessary 


to remove enough tooth structure to insure a finishing line below the free gum 
margin, and to produce a preparation free from undercuts. This remained a slow 
and tedious process. With the development of the fast-cutting diamond instru- 
ments and carbide burs, together with the high speed engines and handpieces (up to 
150,000 r.p.m.), it became possible for any dentist possessing average skill to 
remove tooth contour quickly and easily. 
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NEW IMPRESSION MATERTALS 


The fabrication of full-coverage crowns was given further impetus by the 
development of new elastic and thermoplastic impression materials of great ac- 
curacy. This permitted accurate casts and dies to be taken to the laboratory bench 
where fabrication could be carried out by trained technicians. Extensive fixed 
partial dentures could be completed with little or no further reference to the pa- 
tient’s mouth. 


ESTHETIC VENEERS 


Finally, the development of a pleasingly toothlike, easily processed, plastic ma- 
terial, with which to hide gold by veneering it on anterior attachments and pontics, 
offered a practical solution of the esthetic problem. 


A FAD DEVELOPS 


In view of these relatively rapid developments, it is not surprising that we are 
now experiencing a radically new practice of fixed partial denture prosthesis. This 
radical practice, sparked by a few enthusiastic clinicians, has now reached the status 
of a fad. The term “rehabilitation” is found on the program of almost every dental 
meeting. Rehabilitation has come to connote, in the minds of many dentists, full 


coverage for all teeth, frequently with splinting and usually with “bite opening.” 

This tendency to think entirely in terms of “full coverage” is, with some, a line 
of least resistance, since it is easier to strip enamel and taper abutment teeth than 
it is to parallel more conservative preparations. Likewise, if all the exposed tooth 
surface is covered with gold or other impervious materials, recurrent decay cannot 
imperil the restorations, at least not until recession makes the root surface vulner- 
able. This is so, even though the patient neglects his oral hygiene and ignores 
dietary instruction. 


CAUTION IS NEEDED 


It is time to pause and reassess some of these trends before much damage 
is done to trusting patients and to the reputation of our profession. Before we 
succumb to this radical concept and practice, let us carefully consider the following 
points. From an esthetic standpoint, there is no substitute for healthy enamel. We 
can paraphrase Joyce Kilmer’s great poem and say, “Only God can make a tooth.” 
Very few men have the ability to carve veneers to be perfect replicas of natural 
teeth, especially when handicapped by the limitations imposed by the metal casting 
and the necessity of providing enough bulk to obtain color values. Comparison 
of the best-looking veneers, especially in multiple, with natural teeth forces us to 
realize that perfect imitation of natural teeth is an impossible assignment. 

Furthermore, the acrylic resin veneers are softer than enamel. Wear will 
cause them to lose their fine markings and contours (Fig. 1). Frequently they 
become so thin that their color is affected by reflection from the masking material 
or the underlying metal. I have seen many examples of this deficiency, both in 
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my own practice and in the mouths of patients of other dentists. A chemical 
discoloration or yellowing may be seen in some of the acrylic filling materials and 
veneers. Also, we know that the resin material changes in volume with tempera- 
ture changes and often permits a discoloring seepage at the margins. Not enough 
time has elapsed to show the full extent of the material’s impermanence. Certainly 
caution should be observed, or many “‘make-overs” will be required. 


Fig. 1.—An anterior fixed partial denture with an acrylic resin veneer on the cuspid 
abutment. After 12 years, the veneer has developed grooves from toothbrushing and the color 
is affected by reflection from the gold backing. 


PULP DAMAGE 


From a practical standpoint, the danger of damage to pulps should not be dis- 
missed too lightly. With the emphasis on, and necessity for, speed in these radical 
and multiple preparations, the danger of overheating or too closely approaching 
pulps is greater. Many pulps have died as a result of these radical preparations 
Dental meeting programs are including an increasing 


991 


for “complete crowns. 
number of clinics and essays on endodontics and problems of pulp irritation. The 
use of local anesthesia compounds the problem. 

The speed and comparative ease of preparation has led some dentists to use 
excessively large spans with multiple abutments and to include periodontally in- 
volved teeth for the support of fixed partial dentures. The theory is that splinting 
the weak teeth to the restoration will prolong their life and add some strength and 
permanence to the bridge. Splinting has its place in periodontal treatment, but 
it should be used as a means of supporting weak teeth rather than in the hope 
of strengthening and adding to the permanence of fixed partial dentures. Each 
case calls for its own diagnosis, but it is suggested that many fixed partial dentures 
would be more permanent if teeth with serious periodontal involvement were first 
treated with a forcep and made a pontic rather than an abutment in the appliance. 
It should be borne in mind that the removal of such multiple abutment bridges is 
no’ an easy matter. It may result in the destruction of the entire appliance due 
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to the necessity for cutting the attachments in order to remove them. The abut- 
ment teeth may be damaged if forcible removal is attempted. 

The oral hygiene is shockingly bad in many of these fully rehabilitated mouths, 
where most or all of the teeth, regardless of previous condition, have had the 
benefit of full coverage and multiple splinting. What else could be expected where 
normal embrasures and gingival contours have been lost and food becomes im- 
pacted in numerous, newly created crevices? The patient is often unable to clean 
his teeth properly, and the dentist or periodontist is handicapped in his efforts at 
prophylaxis by hypertrophied and bleeding gums and by the subgingival margins 
of crowns not always in close proximity to the root surfaces. 

Of course, not all exponents of full coverage are guilty of such radical pro- 
cedures or ill-considered and poorly executed restorations, but fads have a way of 
getting out of control, and I repeat that it is time to apply the brakes and reappraise 
our procedures before public reaction forces us to do so. 


CONSERVATIVE ALTERNATIVES 

The foregoing criticism of acrylic resin veneer crowns is not intended to con- 
demn the use of full coverage veneer crowns where they are indicated and needed. 
Full coverage is indicated in many cases. In caries-susceptible mouths, in anterior 
teeth with large interproximal fillings, and where there are missing incisal angles or 
eroded or carious labial surfaces, we must resort to the use of some type of veneer 
crown. 

The only other esthetic material available for veneers is porcelain, which 
also has its disadvantages. Its brittleness requires that it be protected from stresses, 
and its translucency calls for adequate bulk or thickness to maintain color values. 
In many cases, it is not possible to use procelain veneers without showing some 
gold or without impairing esthetic values with the metal boxing or backing. In 
selected cases, where procelain can be used, it will give more permanent satisfac- 
tion. Porcelain’s natural appearance when used in jacket crowns is generally rec- 
ognized and has led to efforts to lessen the breakage factor by incorporating metal 
in the body of the porcelain. Much progress has been made in attempts to bake 
or fuse porcelain onto platinum or gold alloys. Should these efforts prove success- 
ful, such porcelain veneer crowns will go far toward providing us with an esthetic 
and durable attachment. To date, complete success has not been demonstrated, 
although favorable and encouraging reports have been made by Brecker’ and by 
Johnston, Dykema, and Cunningham.’ Nevertheless, it must be realized that the 
process is still in the experimental stage and does not have universal application. 

Perhaps a more practical solution would be in the improvement of the plastic 
veneer materials to make them stable in color and volume and of adequate hardness. 
Their esthetic potential and relative ease of application leave little to be desired. 
Until this happy day arrives, we must use what we have. 


PARTIAL-COVERAGE ATTACHMENTS 


By carefully applying the partial-coverage attachments in cases where condi- 
tions are favorable, we can frequently achieve surprising permanence combined 
with good esthetics. 
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Inlay bridges are not impractical if their limitations are observed. They should 
be used only in clean mouths with low caries incidence. They should be limited 
to short spans and must be supported at both ends. The pontic should not be 
soldered to both attachments. A well-made interlocking device which permits 
slight movement, but which is long enough vertically to resist lateral strains, is 
placed in the weaker attachment. The abutment teeth must be well rooted and 
firm, and the preparations must have good resistance form. This is achieved by 
nearly parallel walls and boxes with sharp internal angles. Stability may be 
augmented by the use of pinholes or grooves. Naturally, the castings must fit the 


Fig. 2. 


Fig. 3. 


Fig. 2.—Pinledge preparations in protruding and divergent upper incisors. 
Fig. 3.—The restoration in place. Veneer crowns would have required radical tooth reduc- 
tion and would have been unsightly due to gum recession. 


preparations accurately, must have good margins, and (most important) they must 
cover the occlusal surface of the abutments to the extent that no opposing cusp can 
touch the tooth structure. This is to prevent the fracture of enamel rods at the 
margins, and also to prevent occlusal stresses from driving the abutment out of the 
appliance with coincident destruction of the cement bond. 


‘ Three-quarter crowns make stable and useful attachments, especially in bi- 
cuspids and molars, where clean and perfect buccal enamel surfaces can be main- 
tained with reasonable care. In short teeth, it is sometimes necessary to secure 
additional stability by the use of a lingual groove in addition to the mesial and 
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distal grooves or boxes, or by the use of a cingulum pin in anterior teeth. Usually, 
it is possible to conceal the gold entirely, although in tapering or bell-shaped anterior 
teeth this is a difficult problem and calls for skill and experience. It should be 
realized that retaining even one wall of a tooth with its natural contours greatly 
aids and guides a technician in carving a pattern which will harmonize with the 
other natural teeth and have proper relationships with them. 


Fig. 4. 


Fig. 5. 


Fig. 4—A pinledge preparation on the lateral incisor and a coping jacket preparation on 
the central incisor. 

Fig. 5.—The restoration seated readily, and the sound enamel of the right lateral incisor 
gives an improved esthetic appearance. 


. For anterior attachments in clean mouths with sound abutments, I favor the 
use of the pinledge attachment because of its ease of preparation, its superior 
stability, and the esthetic advantage that no gold or any discoloration or shadow 
need be permitted to mar the beauty of the natural labial surface (Figs. 2 and 3). 
A minimum of tooth structure is removed in making the preparation, and it is 
usually a simple matter to parallel six or more short pinholes, even in teeth that 
are not parallel (Figs. 4 and 5). By using the hydrocolloid technique, it is possible 
to cast attachments that fit with the accuracy of good inlays. The bridge can be 
completed on the cast made from the original impression and seated at the second 
appointment with a gratifying saving of chair time (Figs. 6, 7, and 8). It is 
usually possible to use this attachment in conjunction with three-quarter or full- 
coverage crowns, even in bridges requiring multiple abutments. 

- In the posterior part of the mouth where appearance is not a factor, the full 
cast gold crown is most useful as a bridge attachment because it provides the 
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maximum protection in an area most difficult to keep clean. Also, it provides 
maximum stability and much latitude should we desire to change the alignment 
or length of the abutment tooth. Excessive bulk of heat-conducting metal is 
avoided, where thermal irritation is a factor, by scooping out the inside of the 
pattern, making certain to retain an occlusal stop and sufficient frictional grip on 
the side walls of the preparation. 








Fig. 6—A stone cast made from a hydrocolloid impression for a multiple abutment 
anterior fixed partial denture. Pinledge attachments on the left cuspid and lateral incisor, 
a pinledge attachment on the right cuspid, and a modified % crown on the first biscuspid 
carry three incisor pontics. 

Fig. 7.—The completed restorations. The upper left bicuspids and molars are restored 
with inlays and veneer crowns and splinted in pairs for periodontal treatment. 

; Fig. 8—An example of conservative rehabilitation. The tissue tone has been maintained 
with a maximum preservation of sound enamel. 
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CONCLUSIONS 


If the foregoing observations are essentially correct, the following conclusions 
seem logical : 

1. Conservatism is the safest approach in fixed partial dentures. 

2. In caries-resistant mouths where the abutment teeth have sound and 
presentable labial or buccal enamel surfaces, esthetics will best be served by pre- 
serving that enamel. 

3. Full-coverage crowns require the most radical preparation, which should 
be undertaken with caution and only where necessity requires. 

4. Where full coverage is necessary or indicated, porcelain is preferable to 
acrylic resin material as a veneer wherever it can be adequately protected by gold 
without undue loss of esthetics. (In some instances of lack of function, as in ex- 
treme protrusion of upper teeth, little or no protection is necessary. ) 

5. Multiple abutments should only be resorted to where added support or root 
length is needed and then only periodontally healthy teeth should be included. 

» 6. Several shorter span bridges are preferable to one all-inclusive bridge 
where adequate tooth support makes such procedure possible. 

7. Each case should be studied in the light of these conclusions, and the 
attachments should be selected which fit the conditions present, rather than to 
attempt to make the conditions fit the desired type of construction. 

8. It is recognized that there are exceptions to all rules. One notable one 


would be the case of the aged patient or one with short life expectancy. Another 
exception would be the “last resort” procedure, even in a younger patient, where 
the early loss of all teeth seems inevitable. Here the bad psychologic effect of 
wearing dentures might justify the use of a questionable procedure or an admittedly 
temporary result. In all such cases, however, the patient should be advised of 
the radical nature of the undertaking or of its possible early failure, and the 
patient should be willing to assume full responsibility for the outcome. 
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INTERGRATING TREATMENT PROCEDURES IN 
OCCLUSO-REHABILITATION 


Louis ALEXANDER CoHN, D.D.S. 


New York, N. Y. 


N PLANNING TREATMENT FOR a debilitated dentition, a major ob- 
I jective is the sequential integration of all technical procedures. Periodontal, sur- 
gical, and orthodontic treatment is often necessary, but is usually diagnosed and 
treated independently prior to the required operative and prosthetic dentistry. 
However, there are situations in which better clinical management dictates com- 
bining some phase of periodontics, surgery, and orthodontics with the prostho- 
dontics. Removal of teeth, hopelessly involved because of caries or advanced perio- 
dontal disease, may immediately impair the function of mastication, phonetics, and 
the esthetics. If the teeth that remain are few in number and periodontally in- 
volved, effective treatment requires properly coordinated supportive measures. 

Periodontal disease is usually aggravated by loss of teeth and by defective tooth 
restorations or dental prosthesis." Where the dentition has been mutilated by 
tooth loss, some of the teeth usually shift and become atypically positioned in the 
arch, either tipping, rotating, or extruding from the line of occlusion. Frequently, 
some teeth are also crowded buccolingually. In a malfunctional dentition, where 
some teeth are both periodontally affected and mobile, treatment of the soft tissues 
alone is insufficient. Treatment by occluso-rehabilitation must include resurfac- 
ing morsal tooth anatomy for an improved occlusion of the teeth; replacing inade- 
quate restorations ; and splinting teeth by fixed prosthesis in order to influence the 
functional response to the periodontium.” 

Some considerations which influence the decision for a combined therapy are: 

1. Can functional stress on the periodontium be safely tolerated pending the 
occluso-rehabilitation, or is temporary fixed prosthesis necessary prior to perio- 
dontal treatment in order to change the direction of stress on individual teeth and 
better to distribute stress on all remaining teeth? 

2. Will the removal of condemned teeth increase trauma from occlusion to 
the remaining teeth which are periodontally involved but diagnosed as treatable? 
Can this be offset by an immediate, temporary, removable partial denture? 

3. Are clamping, grinding, and tapping habits of such frequency and duration 
that they may affect periodontal healing adversely following a gingivectomy? Can 
this be offset by temporary fixed prosthesis prior to the treatment? 

4. Can combining the procedures of surgery and operative dentistry facilitate 
some aspect of the periodontal therapy? 

5. Are orthodontic procedures feasible in view of the periodontal status? 
If so, will orthodontic tooth movement be facilitated if operative dentistry is part 
of the treatment plan? 


Received for publication Aug. 13, 1956. 
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BASIC PERIODONTAL APPROACH 


One of the objectives of local treatment for periodontal disease is the elimina- 
tion of periodontal pockets. Treatment consists of scaling calcific deposits from 
the root surfaces; removing diseased cementum; polishing the tooth surfaces; and 
curetting the tissue side of the pocket to obtain an environment which will pro- 
mote healing. When the prognosis offered by curettage is considered doubtful, 
successful management requires a surgical approach through the use of gingivec- 
tomy or a flap operation, and, in special instances, osseous resection to correct the 
relationship of the bone form to the proposed gingival contours.* Osseous resec- 
tion is of particular value when there is a need to gain sufficient space for a pros- 
thetic retainer, and simultaneously to eliminate the periodontal pocket (Fig. 1).' 
However, it is indicated only tf a favorable crown-root ratio will still obtain. 


= 


Fig. 1.—Left, Pretreatment bite-wing roentgenogram. Note the irregular form of the 
residual ridge and the deep mesial periodontal pocket. Right, Posttreatment roentgenogram, 
15 years later. Note the elimination of the periodontal pocket, increase of the clinical crown 
length, and the improved form of the residual ridge. 


A prime requirement for surgery is ready access to the operative field. The 
presence of periodontal pockets on crowded, tipped, or rotated teeth is likely to 
pose a special problem. Such pockets may be deep and difficult of access because 
of the encroachment of the adjacent teeth. In the anterior region of the mouth, 
despite tooth crowding, the question of accessibility and visibility never assumes 
the proportions that it does in the posterior regions. Distal surfaces of posterior 
teeth are likely to prove especially difficult. At times, an outstanding consideration 
in the treatment plan is the saving of one or more of the remaining molars because 
of their value as potential abutments for a fixed or removable partial denture 
prosthesis; successful management of periodontal pockets on these teeth is of 
utmost importance. 

Where tooth preparation is contemplated, the management of periodontal pock- 
ets is facilitated by preparing the teeth either in advance of or at the same time 
as the indicated periodontal treatment. When the teeth are operatively prepared, par- 
ticularly for full crowns, impediments to accessibility and visibility are eliminated to 
a great extent. Removal of the mesial, distal, buccal, or lingual contours and occlusal 
or incisal reduction of an extruded tooth to the correct line of occlusion im- 
proves access and makes it easier to scale the tooth and treat the deeper areas of 
the pocket (Figs. 2 and 3). In addition, removal of a condemned tooth adjacent 
to the tooth with the pocket further facilitates the approach to the treatment (Fig. 
4). Healing then takes place simultaneously for both the alveolar socket and the 
periodontal pocket. Where necessary following the extraction of a tooth, the bony 
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alveolar margins are reduced and the alveolar bone is beveled and recontoured 
The overlying soft tissue is then shaped as required to conform either to the 
gingivae of adjacent teeth or to adjacent edentulous ridge areas (Figs. 1 and 5). 

Following gingival healing, this coordinated procedure makes it possible to 
prepare the marginal finish line ultimately for the proposed new crown form at a 
point closer to the epithelial attachment. This is a distinct advantage, since the 
crown-to-root relationship can be altered, leading to re-establishment of a form 
more effective for gingival protection (Figs. 2 and 6). Also, the dentist is better 
able to overcome the difficulties inherent in the problem of eliminating residual 


Fig. 2—An example of a periodontal problem treated by combined therapy. Left, Before 
treatment, Note the crowded maxillary left first, second, and third molars (A and E£). Right, 
After treatment, Note the realignment of the teeth, the change in the line of occlusion, and the 
change of gingival contour (A through E£). 
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Note 


Fig. 3.—Roentgenograms of example in Fig. 2. Above, Pretreatment roentgenograms. 
the advanced periodontal disease about the maxillary and mandibular molars and the crowded 


proximal areas of the left maxillary and mandibular molars. Below, Posttreatment roentgeno- 
grams 9 years later. Note the reconstruction of proximal contours by the use of full cast 
gold crowns and the improved status of bone height and density. Note particularly the treat- 
ment results at the distal surface of the maxillary left molars and the mesial surface of the man- 


dibular left molars. 
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calculus—difficulties stemming from variations in the cementum contour of the 
root surfaces.* The new crown contour supplies a protective covering over eroded, 
abraded, caries-susceptible or postoperative-sensitive areas, where establishment 
of gingival health results in exposure of the root surface. Exactingly executed, 
such crowns aid in maintaining the health of the gingival cuff.’ 


Fig. 4.—A, above, Pretreatment roentgenograms. Note the deep and narrow periodontal 
pocket in the proximal area. Below, Posttreatment roentgenograms 10 years later. Note the 
improved bone height and density. 

B, above, Pretreatment roentgenograms. Note the bifurcated involvement of the maxillary 
first and second molars. Below, Posttreatment roentgéenograms 10 years later. 

C, above, Pretreatment roentgenograms. Note the poor proximal relationship of the roots 
of both maxillary right molars. Below, Posttreatment roentgenograms 8 years later. The 
removal of the first maxillary molar established a proper environment for.function of the 
second molar. 
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Many objectives of this therapy are obtained promptly by use of a temporary 
cold-cure acrylic resin splint. Not only does the splint stabilize loose teeth, but 
it affords an immediate opportunity to improve the functional tooth relationships 
of the dentition and aids periodontal healing. It also serves as a matrix for hold- 
ing a surgical pack following periodontal therapy and can be used as an anchorage 
for orthodontic treatment. 

As a rule, when this integrated method is chosen, it should be carried out on 
groups of teeth, one arch segment at a time. In brief, the following is a descrip- 
tion of the procedure that was devised and has been used since the advent of self- 
polymerizing acrylic resins. 


B. 


Fig. 5.—Above, Pretreatment roentgenograms. Note the periodontal bone loss about the 
left second mandibular premolar. Below, Posttreatment roentgenograms 3 years later. Note 
the effect of the removal of the mandibular molar, and the recontouring of the residual 
ridge simultaneously eliminating the periodontal pocket. Also note that the preparation of the 
crowns of the teeth is carried close to the periodontal attachment. 

B, above, Pretreatment roentgenogram. Note the advanced periodontal disease and bone 
loss. Below, Posttreatment roentgenogram 4 years later. Note the extent of the reshaping 
of the residual ridge and the elimination of the periodontal pockets by the combined therapy. 


PRELIMINARY TREATMENT 


Remove all gross accumulations and as much of the subgingival calcific de- 
posits as possible, and introduce physiotherapeutic measures to reduce inflamma- 
tion to a minimum. 
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Construct temporary removable partial dentures to supply the missing teeth, 
particularly if all posterior teeth are missing. Initial measures should be directed 
to re-establish the hinge position—improving the vertical overlap relationship of 
the remaining anterior teeth by selective grinding, or by a change of the vertical 
dimension. Barring emergencies, hopeless teeth—anterior or posterior—are not 
to be extracted at this time unless there is no risk that trauma from occlusion 
will further impair the mobility status of the teeth that will remain. Instead, all 
teeth are treated for their individual needs on a temporary basis, regardless of their 
final disposition. 





Fig. 6.—Diagrammatic representation of changes in crown form in order to re-establish 
the normal tooth-gingival relationship in a case of treated periodontal disease. The original 
crown form is shown at A in cross-hatching. The corrected form is shown at B. (From Glick- 
man,? Chapter 59, by the present author). 


MAKING THE IMPRESSION FOR THE SPLINT 


Obtain an accurate alginate impression of the entire arch, using a shallow 
perforated tray. A shallow tray permits visual control of the impression material. 
Perforations permit placement and retention of the impression material on both 
the inner and outer surfaces of the tray (Fig. 7). Following completion of the 
selected operative procedures, this impression is used to construct a direct cold- 
cure acrylic resin splint in the mouth. When making the impression a few simple 
precautions are imperative if a successful splint is to be obtained. (1) The tray 
should not be permitted to touch the occlusal or incisal portions of the teeth. There 
must be space for a bulk of alginate over the teeth. (2) The border of the tray 
should not extend beyond the gingival line of the teeth, but the impression mate- 
rial itself should extend onto the soft tissue areas. (3) The patient should close 
down on the tray lightly. The impression material on the outer surface of the 
tray will then have an imprint of the apposing teeth. This provides an indexed 
seat as part of the impression (Fig. 7). If the patient is wearing a removable par- 
tial denture and the abutment teeth are to be prepared, construction of the splint 
will be facilitated, and the relationship of the splint to the abutment teeth will be 
assured when the impression is made with the partial denture in place (Fig. 8,4). 
li one or two teeth are missing, the spaces should be filled, either with baseplate wax 





as send Fe 
molded directly in the mouth, or with preformed wax pontics. Adhesive denture 
powder sprinkled on the dried denture base portion will prevent movement of the 
wax while the impression is being made. 

After the alginate material is set, remove the tray from the mouth and trim 
all bulky excess of alginate with a sharp knife. Cut away the interproximal in- 
dentations and undercuts in and around the teeth, and remove all loose pieces of 
alginate. Particular attention should be paid to reducing the buccal or labial 
areas of alginate to a point just gingival to the gingival tooth line. Then, when the 
splint is being made, correct reseating of the impression can be checked readily by 
visual inspection at the buccal or labial sites. Excess material will have an es- 
cape path without the hazard of becoming locked into labial or buccal undercut 


Fig. 7—Above: Center, The alginate impression in the mouth. Left, Palatal view of the 
impression. Right, The index of the opposing teeth in alginate. 

Middle: The alginate impression trimmed and all undercuts removed. 

Below: Left, The splint of cold-cure acrylic resin as it appears after being cast against 
the prepared teeth in the mouth. Center, The splint removed from the mouth. Note the thin 
flash of the cast cold-cure acrylic resin. Right, The splint polished and ready for cementation. 
areas. If the impression was made with a removable partial denture in place, the 
denture may come out with the impression. If it does not, replace it in the impres- 
sion after the undercuts are removed. If wax was used to replace missing teeth, 
remove it from the impression, and smooth any irregularities of the alginate surface. 

Store the impression in water until it is needed for the construction of the 
splint. Storage in water results in some dimensional change in the impression 
and, because of this factor, other techniques have been suggested.”* However, 
if the next phase of the technique is carried out properly, the slight dimensional 
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change does not affect the accuracy required for fit of the splint. To overcome 
the problem of marginal seal, the copper band technique has been recommended.’ 
The bands are difficult to form and maintain in position against the marginal tooth 
contours during construction, and, frequently, gingival irritation arises from this 
type of construction despite the marginal seal (Fig. 9). These methods are neither 
rapid, controllable, nor accurate. 


OPERATIVE DENTISTRY AND PERIODONTAL TREATMENT 


With the patient under a suitable local anesthetic, prepare the teeth. Tooth 
preparation must be carried to a point where all undercuts have been removed and 
gingival tooth portions have been prepared beneath the free marginal gingiva. 
Otherwise, removal of the splint will be difficult and tooth fracture may result 
(Fig. 8). If the abutment teeth contain castings, cut them free from the teeth, 


A 


C. D. 


Fig. 8.—A, An alginate impression made prior to tooth preparation with the patient’s man- 
dibular removable partial denture in place. B, The mandibular teeth prepared for full cast 
acrylic-faced gold crowns. Note the smooth preparations and the absence of undercut areas. 
C, The existing abutment castings were cut free from the teeth during the preparation pro- 
cedure and are replaced on the male portions of the precision attachments of the removable par- 
tial denture. D, The splint of cold-cure acrylic resin is formed against the removable partial 
denture. 


saving all portions containing recesses for occlusal rests or precision attachments ; 
undercut them with a carborundum disk or inverted cone bur; and place them 
back on their corresponding male portions on the removable partial denture (Fig. 
&,C). Remove residual minute accumulations of calculus and granulation tissue, 


and polish the exposed root surfaces while each tooth is being prepared. Carry out 
the procedure under constant lavage with water, aided by suction to keep the field 
visible and to clear the area of blood and debris.’ 
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When it is judged that the teeth have been adequately prepared, dry each 
‘area and subject it to critical inspection, notably for delineation of the gingival 
finish line, absence of undercuts, and smooth walls throughout. To test the ade- 
quacy of the preparations, wet the teeth and press a piece of softened graphite wax 
in turn to the buccal, lingual, and proximal areas. Withdraw a series of wax 
samples buccally, lingually, mesially, and distally; then take a sample of the 
entire tooth and withdraw it occlusally. When each sample is withdrawn, examine 
it for details. Streaks in the wax will disclose the presence of undercuts, indicat- 
ing the need for further tooth preparation. Then index the entire group of teeth 
involved in the operation by adapting a bulk of graphite wax over the prepared 
tooth surfaces, and test for parallelism by withdrawing the sample and checking 
for streaks. If no further periodontal treatment is required, impressions of the 
individual preparations can now be obtained and the splint constructed and ce- 
mented. If further reduction of the periodontal pockets and removal of inter- 
proximal diseased tissue and subgingival calculus is required, it must be accom- 
plished by curettage or gingivectomy. If gingivectomy is required, it is post- 
poned until after the splint is constructed, since bleeding interferes with the con- 
struction, and the exposed tissues may be unnecessarily irritated. Undercuts that 
result from exposure of the roots during gingivectomy will usually make construc- 
tion of the splint difficult, if not impossible. Moreover, the availability of a splint, 
properly adjusted to occlusal and incisal function, is a marked advantage to 
treatment. It not only facilitates retention of a periodontal pack but also supports 
the teeth against the increased mobility that may result from the normal inflamma- 
tory reaction of the gingivectomy. 


REMOVING CONDEMNED TEETH 


After the teeth have been prepared, coat them with Fluorolube.* Next, re- 
move the condemned teeth; reduce and smooth the bony edges of the tooth sockets ; 
bridge the wound with oxycellulose, suture when necessary, and cover the area 
temporarily with a piece of dry foil. Pending construction of the immediate tooth 
splint, tuck a piece of Adrenalin-impregnated cord beneath the gingival trough, 
and encase each prepared tooth with an Adrenalin collar. Pack the edges of the 
Adrenalin collar against the gingival trough and into the interproximal areas to 
help retract the gingival tissues and control hemorrhage. 


CONSTRUCTING THE SPLINT 


Remove the stored alginate impression from the water and dry it with a blast 
of compressed air. Mix sufficient cold-cure acrylic resin of a suitable tooth shade, 
and place it in the impression in all tooth areas involved in the operation. Bring 
the resin material to the level of the gingival line, tucking and molding it with a 
moistened finger. When the glaze has disappeared, cover the surface of the ex- 


*Fluorolube has been suggested by Dr. Bernard Garliner of Buffalo, N. Y., as a superior 
separating and protective medium; it is a stable compound and extremely adherent to all 
applied surfaces. Clinical tests indicate that acrylic monomer does not penetrate or dissolve 
the Fluorolube film on the tooth. 

tAdrenalin collars can be made by cutting No. 2 or No. 3 cotton rolls into 3 mm. sections 
and saturating them in a 1:1,000 Adrenalin solution. 
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posed acrylic resin lightly with Fluorolube. An excess of Fluorolube must be 
avoided at all times or the fit of the splint will be impaired. Remove the Adrenalin 
collars, and dry the teeth by twirling the cut end of a cotton roll around the pre- 
pared teeth. If there is not enough Fluorolube remaining from the previous appli- 
cation, again thinly coat the prepared teeth, the gingival tissues, and any area that 
requires a separating medium. If necessary, a cotton roll can be used again to re- 
move the excess Fluorolube. Next, remove the cord from the gingival trough 
(the gingival tissues will now be found retracted and the tooth margins exposed). 
This will assure a good marginal fit when the splint is completed. 

Invert the impression over the arch of teeth, and press it into place until the 
alginate material touches the tissue. Then have the patient close firmly into the al- 
ginate index on the outer surface of this tray (Fig. 7). This serves to seat the im- 
pression and assures the correct relationship of the finished splint to the occlusion 
of the teeth. It also casts the acrylic material under pressure, with the impres- 
sion acting as a mold. Shrinkage is thus sufficiently controlled, and a good dental 
fit is accomplished. In this manner, the crowns of the prepared teeth, as well as 
those missing or extracted, are formed immediately (Fig. 7). If a removable par- 
tial denture is present, the acrylic resin is cast in perfect relationship to the clasps 
or other retainers, permitting the use of the removable partial denture as a tempo- 
rary appliance in conjunction with the tooth splint (Fig. 8,D). 


Inspect the buccal region to verify that the impression is seated, and check 
the progress of polymerization by testing the excess material that escapes at the 
borders. After the resin has hardened (which takes from three to eight minutes 
depending on the brand of resin used), remove the impression, and tap the splint 
off the teeth with a reverse-action crown remover equipped with a specially de- 
signed point (Fig. 10). Since the excess has not been cast against the soft tissues, 
irritation from either exothermic heat or from mechanical irritation by removal 
is eliminated. 

Trim the splint to the gingival tooth line, contour it interproximally to obtain 
anatomically shaped embrasures, and generally shape it to the proper form. Re- 
insert the splint over the prepared teeth, and check it for gingival fit and functional 
relationship. If bleeding was not adequately controlled, or if an excess of Fluoro- 
lube was used, the marginal area will not be sealed and the splint must be relined. 


Before relining, drill a hole in the occlusal surface of each posterior crown and 
in the lingual surface of each anterior crown to permit the escape of excess reline 
material. Make another mix of acrylic resin, slightly thinner than previously, 
and flow it into the splint. Without relubricating the teeth, reseat the splint and 
have the patient bring the teeth together. Press the lingual and buccal excess in a 
gingival direction, molding it to the prepared tooth surfaces with moistened fin- 
gers. As the material begins to set, use a flat-bladed instrument or cement ap- 
plicator,” previously coated with Fluorolube, to adapt the material to the teeth, 
and press the material subgingivally and proximally to assure registration of the 
marginal areas. If another acrylic resin splint apposes the one under construc- 
tion, be sure to coat the incisal or occlusal surfaces of it with Fluorolube to pre- 
vent the excess acrylic resin material from chemically uniting the two splints. 
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Where occlusal or incisal relationships of the finished splint are functionally 
incorrect, add more acrylic resin material to the tooth splint by the “paint on” 
method, and complete any required selective grinding on the opposing occlusal 
or incisal surfaces. 

When esthetics is a critical factor, grind the facial portions of the incisal 
two-thirds of the labial surfaces with a heatless wheel to remove the gingival color 
of the splint. Replace the splint over the teeth and, with a brush, paint freshly 


Fig. 9.—Copper bands were used in all areas except the mandibular left first premolar, 
canine, lateral, and central incisors. Note the difference in the gingival tone of these areas 
compared to those where a copper band splint was used. 





Fig. 10.—Left, Conventional crown and bridge removal points used in a reverse action mallet. 
Right, The author’s newly designed points. The sickle-shaped point is used in the interproximal 
areas. The reverse bayonet is used to remove an impression tray or a crown where the con- 
ventional bayonet point cannot be applied. 
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mixed incisal-color acrylic resin of a suitable shade on the facial surfaces. The 
contours may be changed then as desired by modeling with the brush. If a con- 
tour change is not required, reinsert the alginate impression over the surplus- 
painted surfaces. This second casting process will mold the lighter color to the 
cured body color of the acrylic resin splint. Remove and carefully polish the 
splint; avoid overfinishing the margins. Place the splint in water until ready 
for cementation. 
COMPLETING THE PERIODONTAL TREATMENT 


When gingivectomy or osseous reduction is required, proceed with the final 
phase of the periodontal treatment. Excise the interproximal diseased tissue, and 
currette both the pocket wall and the root. If teeth have been extracted, remove 
the dry foil previously placed over the alveolar socket, and treat the periodontal 
pockets of the teeth on either side of the edentulous area. 

On completion of this phase of treatment, temporarily arrest the bleeding with 
Adrenalin collars as previously described. Dry the teeth and splint, and set the 
splint into place with a zinc oxide type cement*—removing all excess cement from 
the interproximal areas. Freshen the soft tissues to promote bleeding and clot 
formation; then mold a periodontal pack to place by the usual technique. The 
pack protects the blood clot and any bone that may be exposed. The acrylic resin 
splint is a superior matrix for holding a surgical pack, since the pack adheres 
chemically to its surface and is mechanically locked in the marginal areas. The 
pack should remain in place for one week and then be removed. Proper physio- 
therapeutic measures are then prescribed.” 


REFINING THE TOOTH PREPARATIONS AND CORRECTING THE SPLINT 


After the gingival tissues have healed completely, remove the splint, refine 
the tooth preparations, and index the prepared tooth surfaces by making impres- 
sions. At this stage, inspection will disclose that the splint no longer protects all 
portions of the prepared teeth. If removal of the hardened temporary zinc oxide 
cement discloses softened acrylic resin, a new splint is needed. Reseat the original 
splint on the teeth and fill all undercuts between the marginal areas of splint and 
gingivae with baseplate wax, smoothing and shaping the wax with a warm spatula ; 
then make a new alginate impression, and construct a new splint. 

If the acrylic resin has not softened, the original splint can be repaired by 
adding new acrylic resin material in the deficient areas. Proceed in the manner 
previously described for relining the splint, observing these precautions: ream 
the inside of the splint to remove all cement and the immediate underlying acrylic 
resin surface; freshen all peripheral margins of the acrylic resin; and clean and 
polish all interproximal areas. 

Two other methods may be used to correct the marginal fit if a splint is to be 
worn for long periods of time. Both require that dies of the prepared teeth be 
available. The initial splint must first be relined. In one method, the dies 


*While most liquids used in zinc oxide cements chemically attack the acrylic resin mate- 
ria}, some do so to a minimal degree. The cement least destructive to acrylic resin should be 
used. New acrylic resin material will adhere and cure properly to the old only if the original 
cured material has not been affected by the cement. It should be a rule that all outer surfaces 
of the acrylic resin are coated with Fluorolube and the quickest setting cement used. Rapidity 
of set seems to offset attack on the acrylic resin. 
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are inserted into the splint, and all deficient contours and marginal areas are cor- 
rected by use of the “paint on” method. The alternate method is to construct a 
cast gold thimble on the die. This is undercut and flash gold-plated.” Another 
alginate impression of the original splint is obtained, and the splint is removed. 
The thimbles are inserted on the prepared teeth, and a cast gold thimble cold-cure 
acrylic splint is obtained. 


Fig. 11—Examples of the use of cold-cure acrylic resin as an anchorage for orthodontic ap- 
pliances in occluso-rehabilitation. A, A heavy labial arch wire used to expand the arch in the 
molar region. Note the tube formed in the acrylic resin. B, A heavy labial arch wire imbedded 
into prepared acrylic resin crowns that are splinted. Note the movement of the right maxillary 
lateral incisor. C and D, A maxillary lingual arch wire anchored into the posterior maxillary 
splints. Note the loop to reduce the arch size gradually as the teeth are moved to place. Note 
the completed tooth movement (lower right). 


ORTHODONTIC TREATMENT 


Following complete gingival healing, minor tooth movements can be insti- 
tuted. Tubes, hooks, and other attachments can be inserted into the splint readily, 
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Fig. 12—Above: A, Malocclusion in an adult patient. Grassline reciprocal ties were used 
to start the tooth repositioning. B, The mandibular left and right premolars have been prepared 
and two splints constructed. A temporary removable partial denture supplies the missing pos- 
terior teeth. Hooks have been placed in the splint and the orthodontic tooth movement is com- 


pleted by use of rubber-dam band elastic. C, The completed occluso-rehabilitation. Stainless 
steel wire is used to retain the repositioned teeth. D, Completed treatment. Note the im- 
ved overlap of the teeth. 
Below: Casts showing the completed occluso-rehabilitation. All maxillary and mandibular 
‘YS Were extracted. The maxillary lateral incisors were also extracted. All remaining teeth 
pt the mandibular incisors and canines were prepared for acrylic-faced cast gold crowns. 
maxillary lateral incisors were replaced with a single fixed partial denture; precision at- 
‘ment removable partial dentures were used to replace the posterior teeth. Note the 
ange in the line of occlusion and the overlap relationship. 
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by either the direct or indirect method. To employ the direct method, cut away 
part of the old acrylic resin, position the necessary attachments, and affix thein 
by using the “paint on” method to add more acrylic material to the specific area. 
For the indirect method, obtain a working cast from an alginate impression 
with the splints in place. The arch wires and the necessary auxiliary spring wires 
can be constructed while the patient waits. Because of the stress applied to the 








Fig. 13.—Roentgenograms of the case shown in Fig. 12. A, Pretreatment (Oct. 25, 1948). 
B, The orthodontic repositioning is completed. Stainless steel wire is used for retention of the 
repositioned teeth. Note the widened periodontal space and the absence of the lamina dura 
(June 10, 1949.) C, The reorganization of the periodontal space indicates that the repositioned 
teeth are satisfactorily retained. The wires were removed at this time. (Jan. 23, 1950.) D, Seven 
years later—a complete return to a functional status. The tooth positions have remained 
stable. (Nov. 20, 1955.) 
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splint, an alternate method of cementation is necessary to increase retention of the 
acrylic resin splint. Coat the prepared teeth with a thin calcium hydroxide paint,” 
and cement the splint with an oxyphosphate of zinc cement mix.* When the 
joined acrylic resin crowns are cemented to place, they act as a group anchorage 
to control specific tooth movements (Fig. 11). After the required tooth move- 
ments have been completed, the various attachments are removed from the acrylic 
resin crowns by grinding with a heatless wheel, and the ground areas are polished. 
Retention of repositioned, acrylic resin-crowned prepared teeth is readily assured 
by tacking the crowns together with cold-cure acrylic resin material directly in 
the mouth. If unprepared teeth have been repositioned, a modification of the 
Sorrin“ method can be used. Stainless steel wire is tied around these teeth and 
linked to the acrylic resin crowns, their position being maintained by the addi- 
tion of acrylic resin material from the acrylic resin crowns over the wires. This 
linkage is kept in place until roentgenographic evidence indicates a return of a 
physiologic width of the periodontal membrane and lamina dura (Figs. 12 and 13). 


PROSTHETIC PHASE 


Once retention of the repositioned teeth has been assured, completion of the 
prosthetic phase of occluso-rehabilitation can be undertaken. 


DISCUSSION 


While this coordinated therapeutic procedure was devised for the general 
practitioner trained in periodontics, orthodontics, and prosthodontics, this treat- 
ment can be divided properly among several operators. When the latter approach 
is selected, the preliminary scaling is first done by the periodontist to a point 
that permits the operative dentistry to be performed. The teeth are then prepared. 
Next, the condemned teeth are removed and a temporary acrylic resin splint is 
constructed by the dentist who is to undertake the occluso-rehabilitation. The final 
periodontal treatment by curettage or surgery is then administered by the perio- 
dontist. During this phase of the procedure, the splint is removed by the perio- 
dontist, facilitating the approach to inaccessible areas. When periodontal treat- 
ment is complete, the orthodontist undertakes his phase of the treatment, and finally 
the prosthetic phase is instituted. 

The various procedures of occluso-rehabilitation, divided among a team, re- 
quire that the prosthodontist cooperate with the other specialists in supervision 
of the treatment. Periodic observation and maintenance of the fit and function of 
the splint during the various phases of treatment are basic requirements for pro- 
tection of both the pulp and the periodontium of the prepared teeth. 

Grinding or clamping habits, and leverage of appliances may loosen the splint 
and necessitate its removal and recementation. It is a rule that all newly formed 
or relined acrylic resin splints should be removed and recemented after two weeks 
to make sure that water sorption” ” has not broken the retention of the splint. 





“The addition of one drop of Fluorolube to the liquid will produce a friable cement with- 
out impairment of retention. When the acrylic resin crowns are removed, removal of the 
cetient from the tooth structure is more easily accomplished. 
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Wear of the occlusal surfaces takes place if the splints remain in place for long 
periods. Additions to the morsal surfaces of the teeth, or rebuilding of the splint, 
is then required. The responsibility of this phase of the treatment belongs to the 
dentist who undertakes occluso-rehabilitation. 


SUMMARY 


1. Combining periodontal, surgical, and orthodontic treatment with operative 
and prosthetic procedures is often indicated in occluso-rehabilitation. 

2. Considerations determining the advisability of combined therapy have 
been discussed. 

3. A coordinated treatment plan has been proposed, presenting the correct 
sequential relationship of the various procedures. 

4. A simplified accurate method of constructing a cold-cure acrylic resin 
splint has been described. If tooth mobility is present, the splint serves other im- 
portant purposes: (1) It immediately stabilizes loose teeth. (2) It provides a 
temporary means for changing the direction of functional forces to the periodon- 
tium. (3) It permits undisturbed healing of the periodontium following the perio- 
dontal therapy. (4) It establishes a testing period to determine whether a loose 
tooth will become firm enough for use as an abutment for a fixed prosthesis. 

5. The splint can be used as group anchorage for minor tooth movement and 
in general can serve in place of conventional orthodontic bands in the mechanics 
of anchorage. 

6. Retention of orthodontically repositioned teeth is facilitated by the use 
of cold-cure acrylic resin splints. 
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DIRECT THREE-UNIT ANTERIOR BRIDGES 


Tuomas E. Braty, Jr., D.D.S. 


Chattanooga, Tenn. 


ERY LITTLE LITERATURE is available on the use of direct three-unit 
ite bridgework. This indicates that the constructing of three-unit an- 
terior bridges by the direct method is not in common use. If this premise is correct, 
the carving of direct wax patterns for gold restorative work is not being utilized 
in one of its brightest aspects. 

Attention first will be focused on the waxing of the prepared abutment teeth 
(Fig. 1). The inlay wax used in the mouth should meet the American Dental 
Association Specification No. 4, which states that the maximum flow allowable 
at 99.5° F. is 1 per cent." Most hard waxes on the market will meet this speci- 
fication. 

The wax should be softened by dry heat to the lowest temperature compatible 
with proper working plasticity. Wax annealers are available for this purpose 
(Fig. 2). They are small, thermostatically regulated electric ovens. The use 
of a wax annealer not only results in better patterns, but it also saves time since 
the wax is ready for use immediately after it has been removed from the annealer. 

If the inlay wax is heated over a gas flame, care must be exercised to prevent 
volatilizing some of the ingredients of the wax. The wax must be held well above 
the flame and rotated until it becomes pliable. Then the wax should be forced upon 
the prepared teeth (Fig. 3) and cooled with decreasing temperatures of water 
until the wax reaches mouth temperature. Inlay wax should not be cooled in the 
mouth with ice water. 

A steady pressure should be maintained on the wax to prevent even the slight- 
est movement while it is being carved. Carving instruments should not be heated 
during the carving of the wax to prevent unnecessary temperature changes. 

When both abutment teeth have been waxed properly, and the wax patterns 
have been laid on a piece of gauze for inspection, the facing or pontic should be 
ground-in in the mouth (Fig. 4). A piece of carbon paper the width of the missing 
tooth is cut out and retained against the gum tissue in the pontic area while the 
pontic is being ground-in. The pontic can be rubbed against the carbon paper to 
mark the spots that need to be ground. 

Once the pontic is ground-in and the backing has been waxed properly, the 
Wax patterns are replaced on the abutments. The contacts should be adjusted so 


Presented as a table clinic at the American Academy of Restorative Dentistry, Chicago, IIl., 
Feb. 6, 1955. 
Received for publication Dec. 11, 1956. 
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Fig. 1.—The preparations. 


Fig. 2.—The tempering oven for wax. 


Fig. 3. 


Fig. 3.—The wax is forced on the preparation and cooled. 
Fig. 4.—The pontic is ground-in. Carbon paper is used as a guide for the grinding. 
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Fig. 5.—A 12-gauge stiff wire sprue is used to remove the pattern. 


Fig. 6.—A third sprue of 12-gauge wax is added. 


Fig. 7. 





Fig. 8. 


Fig. 7.—The casting is fitted to the teeth. 
Fig. 8.—The restoration is complete. 
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the pontic fits snugly against the gingival tissue. The pontic should be held in 
position with one hand and the three units luted together from the lingual side 
with the other hand. 

The wax that is used to lute the three units together should be strong, and 
it should have as low a fusing point as possible. These qualities are desirable to 
avoid unnecessary heating of the wax patterns, to prevent adding strains to the 
waxed-up bridge just before its removal from the mouth, and to avoid warpage of 
the wax upon removal. There is no wax available which fully meets these require- 
ments. If no lower fusing wax is available, the same type of hard inlay wax used 
to wax up the bridge should be used. 

A V-shaped sprue made from stiff wire should be used (Fig. 5). The wire 
should be about 12 gauge in diameter. Once the sprued bridge has been removed 
and placed on a sprue former, a piece of 12-gauge round wax can be added as a 
sprue to the middle unit (Fig. 6). 

The bridge is cast (Fig. 7). The sprues and button of gold can be left on 
the bridge and may be used as a handle for fitting the bridge to the prepared 
teeth. When the bridge has been fitted satisfactorily, the sprues should be re- 
moved with a gold cutting disk so as not to distort the bridge. The bridge is then 
inserted and finished (Fig. 8). 

The technique described has been found to save laboratory and chair time. 
The bridge has no solder joints as a possible source of weakness. The bridge 
is removed from the mouth in one piece, so there is no doubt that the bridge will 
be easier to seat. Thus, the abutment teeth will be subjected to less torque when 
the bridge is seated. The bridge can be completed easily the same day it is begun. 
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FULL PORCELAIN VENEER CROWNS 


Joun C. Bartets, D.M.D.* 
Portland, Ore. 


HE MOST SERIOUS CONSIDERATION in making full porcelain ve- 
i om crowns has been the means of bulk tooth removal, with little thought 
to the actual requirements for the individual case. Porcelain is a friable material 
with an inherent weakness when subjected to a heavy load. For this reason, por- 
celain veneer crowns have been made heavier, and this necessitates the removal of 
more tooth structure in making the preparations. The results are not gratifying, 
for the breakage factor remains, and the removal of excessive amounts of tooth 
substance causes premature damage to the pulps of teeth. 

The life expectancy of full porcelain veneer crowns is increased in mouths 
that have the stress equalized over the dentition in both centric and eccentric posi- 
tions of the jaws. With the present emphasis on balanced occlusion, we should 
expect less tipping or other load to be exerted on the anterior teeth. 


DIAGNOSIS 


Prior to the preparation and construction of a full porcelain veneer crown, 
it is imperative for the dentist to make an accurate study of the mouth. This should 
include a full mouth roentgenographic examination and a careful analysis of centric 
and eccentric occlusion. To accomplish the latter, accurate study casts should be 
mounted in an adjustable articulator on the patient’s axis-orbital plane, and a com- 
plete set of centric and eccentric condyle path movements should be recorded. The 
roentgenographic examination will aid in determining the strength of the alveolar 
support, the length of the roots, the character of the pulp chambers, and any evi- 
dence of foci of infection. The study casts properly mounted in an adjustable 
articulator will show premature contacts in centric position, glide or anterior thrust 
of the mandible into acquired centric contact, and imbalanced contact in lateral pro- 
trusive and straight protrusive thrust. Correction of imbalance in the various 
eccentric movements is an important factor in preventing potential fractures to 
full porcelain veneer crowns (Fig. 1). 

The fallacy of strict adherence to a picture type of preparation of anterior 
teeth is that teeth are too often needlessly overprepared (Fig. 2). The teeth will 
be subjected to less shock if a minimum of cutting is done rather than making a 
picture-type preparation. For example, if a tooth is in an end-to-end occlusion, 
it is well to consider the removal of only enough of the lingual surface to prevent 
undercuts. 


Read before the Dallas Mid-Winter Clinic, Dallas, Texas, Jan. 4, 1956. 
Received for publication Dec. 15, 1955; revised by the author Jan. 7, 1957. 
*Clinical Associate, Dental School of the University of Oregon. 
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Extracted anterior teeth show how the supporting gingival tissue is protected 
by the contour of the enamel in its relation to the cementum (Fig. 3). The thick- 
ness of the porcelain at the labiogingival margin may be accentuated safely. It 
is inconspicuous and tends to keep the gingivae healthy (Fig. 4). 

An accurate study cast also provides a permanent record of the individual tooth 
morphology prior to its preparation for a full porcelain veneer crown. 

A color chart of the tooth to be reconstructed should be made also before the 
preparation is started. A sketch of the tooth provides a record of the extent of the 
placement of the gingival, incisal, and central colors. Some anterior teeth have a 
very narrow incisal color band, while others have a wide color band that will in- 
clude half of the central portion of the tooth. The width of the color band will 
also vary in the gingival area. 


A. 


Fig. 1.—A, Occlusal imbalance on an anterior porcelain veneer crown. 8B, Occlusal balance on 
anterior teeth and an adequate tooth preparation. 


Fig. 2.—A, Excessive reduction of the incisal edge. B, Extreme tooth reduction. 


FACTORS IN TOOTH PREPARATION 


1. Minimum or conservative cutting should be the objective in the prepara- 
tion of the tooth. 

2. A careful analysis of occlusal stress should be made. 

3. Incisal reduction is the most critical part of the entire preparation. It 
should be made to save the greatest possible length of the tooth structure at the 
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labial incisal edge, rather than to reduce it promiscuously with only the thought 
to make space for bulk of porcelain. 
4. The labial incisal portion of the preparation should be left as long as possible. 


Fig. 3.—Extracted teeth showing how the enamel covering is placed on the dentine. 


Fig. 4—Completed porcelain veneer crowns. The increased thickness at the labiogingival margin 
is inconspicuous and tends to keep the gingivae healthy. 


Fig. 5.—Gingival recession around an abutted labial gingival shoulder of a porcelain 
veneer crown. 


The labial shoulder should be eliminated, and the chamfer preparation should 
be utilized. This type of preparation requires less labial surface reduction, and the 
fired porcelain can be laid on the labial surface just as enamel is laid on the dentine, 
rather than being abutted to a joint (Fig. 5). 
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The labial incisal portion of the preparation should be maintained at its maxi- 
mum length. If the incisal portion of the veneer crown is supported with tooth 
structure, its tolerance to occlusal load or stress is increased many times. In addi- 
tion, less stress is exerted on the labial surface, which results in less need for an 
acutely angled labial gingival shoulder. 

Minimum shoulder width should be developed on the interproximal and lin- 
gual surfaces. A shoulder 0.5 mm. wide at the interproximal gingival margin is 
adequate for conservative preparations. The lingual surface must be prepared in 
direct relation to the functional relationships of the opposing anterior teeth. The 
lingual gingival extension is treated as conservatively as possible, due to the ex- 
treme convexity of the cingulum area. Excessive gingival extension automatically 
necessitates excessive removal of tooth substance. 

The line angles and point angles in the preparation should be rounded to 
prevent cleavage tendencies in the porcelain. When completed, the preparation 
should have the general form of the crown of the tooth being prepared and should 
have rounded angles. 

STRENGTH REQUIREMENTS 


The requirements for average strength of the porcelain crown is approximately 
0.5 mm. of thickness at the shoulder, a maximum of 1 mm. of thickness for the 
remainder of the crown except the incisal portion, and from 1 to 1.5 mm. for the 
incisal portion. 
PREPARATION 


The preparation of the incisal portion of the anterior tooth is the most cri- 
tical part of the procedure. For this reason, this part of the preparation should 
be made first. Excessive removal of the labial incisal portion of the tooth is a pri- 
mary cause of full porcelain veneer crown fractures, because it reduces the tooth 
support from within the crown. 

The incisal portion should be prepared so a surface at right angles to the in- 
cisive thrust is developed. The removal of 1 mm. of tooth substance from the 
incisal edge is adequate at this time. This should be checked very closely with 
the mandible thrust forward to make sure that this surface is not overcut. 

The mesial and distal surfaces are reduced just to the gingivae, with only a 
slight taper toward the incisal edge. One millimeter of thickness of porcelain on 
the proximal surfaces is adequate. Safe-sided diamond disks are very efficient 
for making these cuts. 

The labial surface is prepared as far as the gingival tissue without a shoulder. 
If a third of the labial suface is prepared at a time, a guide is established as to 
the depth of tooth substance being removed. This will prevent overcutting. 

The lingual side of the preparation should be made with a close check on the 
tooth relations in incisive movements. The primary consideration is adequate space 
for the required 1 mm. thickness of porcelain. Excessive extension beyond the 
cingulum at the gingival margin causes undercuts to be developed and necessitates 
the removal of too much of the lingual tooth structure. A 0.5 mm. shoulder at the 
linguogingival margin is adequate for strength and is a safeguard in preventing ex- 
cessive cutting. 
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The mesial and distal proximal shoulders are made with five-eighths or seven- 
eighths inch safe-sided diamond disks. The preparation should extend to the 
gum line. Then, with a 955 end-cutting bur, the proximal shoulder is carried ap- 
proximately 0.5 mm. beneath the gum line. The final finish of the shoulder is ac- 
complished with a No. 5 (614-2%4-9 hoe). 

The lingual shoulder is formed by using an inverted cone, end-cutting diamond 
instrument in the contra-angle handpiece. The final fiinsh of the shoulder is ac- 
complished with a 955 end-cutting bur and the No. 5 hoe. 

The labial chamber is formed with an end-cutting, inverted cone diamond stone. 
This instrument enables the operator to carry the labial chamfer beneath the gingival 
tissue without laceration. 

The marginal angles between the four surfaces should be rounded with fine 
sand paper disks. 


IMPRESSION TECHNIQUE 


A low-heat modeling compound impression is made in an annealed copper 
band. A low-heat compound with a minimum of tackiness prevents heat shock 
to the tooth and aids in the removal of the set impression. The copper band is 
contoured and adapted so it is slightly larger than the gingival portion of the 
preparation. The path of insertion should be slightly labial to, and closely 
parallel with, the long axis of the root. This makes it possible for the die to be 
placed properly in the master impression. Fill the copper band with compound. 
The compound in the impression end should be in a good flowing consistency, with 
the opposite end slightly cooler to provide a plunger effect. The patient’s saliva 
affords ample lubrication. The copper band is placed in position by pressing against 
the edge of the band with the two index fingernails. This prevents the compound 
from flowing over the gingival margins and eliminates the need for excessive ex- 
tension of the band beyond the completed preparation. When the copper band 
reaches the gingival outline, the index finger is placed over the extruded compound 
at the end of the copper band and held firmly in place while the impression ma- 
terial sets. Gauze napkins chilled with cold water may be placed around the band 
impression to hasten the set. 

Care should be taken to remove the impression in a line parallel with the 
long axis of the preparation. “Rocking” the impression will invariably result in 
its distortion and an inaccurate die. 


THE DIE 


One thickness of 27-gauge wax is wrapped around the impression band. This 
allows an excess of die material to be in the apron area. The wax-covered impres- 
sion band is wrapped with tiered strips of Scotch tape high enough to pour a die 
with a one-inch root length (Fig. 6). Centrifuged Kryptex makes a very sharp and 
dense die. This material should be whipped to a creamy consistency and centri- 
fuged quickly into the impression. 

After the Kryptex has set, the band impression is removed and the apron area 
an the root extension are shaped. This can be “roughed-in” quickly with a three- 
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inch coarse, soft stone on a lathe. The final shaping can be done with a seven 
eighths inch Joe Dandy disk. The root portion of the die is prepared in flat planes 
to make it lock in place in the master cast. 


A. B. 


Fig. 6.—A completed porcelain crown on a Kryptex die of adequate root length. 
A, Labial; B, lingual. 


THE MASTER CAST 


A small strand of cotton saturated in a 1 to 100 solution of epinephrine chloride 
is packed in the gingival crevice around the preparation. In five minutes the gum 
tissue will shrink away from’the gingival margin of the tooth. 


Fig. 7—A Kryptex die stabilized in a hydrocolloid impression with pins and sticky wax. 


The cotton pack is removed, and a complete upper hydrocolloid impression is 
made. The root end of the Kryptex die is coated with a generous covering of pe- 
troleum jelly and seated in position in the impression. A common pin is placed 
through the labial flange of the hydrocolloid impression and into the palatal por- 
tion on each side of the positioned die. The pins must be just out of contact with 
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the die. Sticky wax between the pins and the die is used to stabilize the die 
(Fig. 7). The petroleum jelly prevents displacement of the die due to contraction 
of the wax. The hardened sticky wax makes a supporting wall on two sides of the 
die and prevents the displacement of the die during the cast-pouring operation. 
When the stone has set, the impression is separated, and the stone is trimmed away 
from the apron area sufficiently to allow for the easy removal of the die. The 
master cast and a complete lower study cast are used in the laboratory for the fab- 
rication of the porcelain crown. 


PROXIMAL CONTACT 


The impression technique will enable the full porcelain veneer crown to be 
completed with a minimum of correction of the proximal contact areas. If, how- 
ever, the contact with the approximating teeth is excessive, the approximating teeth 
should be coated with graphite from a well-sharpened lead pencil. When the crown 
is placed on the preparation, the graphite will transfer to it. The marked porcelain 
crown is carefully ground with a small fine carborundum stone until contact is es- 
tablished without tooth displacement. The ground areas are polished with cuttle- 
fish disks and optometrist’s rouge. In case a jacket crown has an inadequate con- 
tacting surface, it can be restored with S.S. White 1700 degree porcelain. Shade 
47 is a neutral gray and will blend with the majority of colors. 


EQUALIZATION OF STRESS 


Balanced occlusion is one of the most important factors in preventing frac- 
tures of full porcelain veneer crowns. Carbon paper markings cause the dentist 
to stone a jacket crown out of occlusion, because the thickness of the paper is in- 
terposed between the porcelain crown and the opposing tooth while the remainder 
of the teeth are out of contact. For this reason it should not be used. 


OIL BASE PIGMENT 


An accurate method of checking the occlusion is to pack the mouth with 
cotton rolls and gauze napkins and paint the opposing teeth with Prussian blue oil 
paint thinned with eugenol or thin sweet oil. Functional centric occlusion should 
be adjusted to a balance with the remainder of the teeth first, and it should be certain 
that the mandible is retruded to its maximum limit. Next, the patient is directed 
to make a light protrusive thrust, and the jacket is ground to a complete balance 
throughout the entire range of straight protrusive jaw movements. Finally, the 
right and left lateral occlusions are checked and adjusted to proper balance. 

The importance of correct balanced occlusion cannot be overstressed, for it 
is probably the greatest contributing factor in fractures of full porcelain veneer 
crowns. Next to occlusal imbalance, a lack of adequate support to the porcelain 
is the most frequent cause of breakage. Too often, the incisal preparation is cut 
straight through from the labial to the lingual surface. This provides no support 
for the porcelain in the protrusive thrust, with a resultant crescent-shaped fracture 
in the gingival third of the labial surface. If the labial incisal portion of the 
preparation is left adequately long to support the porcelain throughout the func- 
tional protrusive occlusion, the strength of the jacket is increased many times. 
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COLOR 


The safest way to maintain the color and shading placed in a full porcelain 
veneer crown is by using a cement that has no color. When colors are mixed to- 
gether, they produce a different color. It is practically impossible to cement a 
porcelain veneer crown to place with a colored cement without inducing a marked 
color change in the finished crown. White is not a color, and when a translucent 
type of cement such as white Kryptex is used, there is practically no alteration of 
the color established in the jacket crown. For this reason white Kryptex is the 
cement of choice for cementation of full veneers, partial veneers, and porcelain 
inlays. 


CEMENTATION 


The tooth preparation should be thoroughly cleaned and dried. Carboeugenol 
is excellent as a sterilizing agent, and after the application is dried with warm air, 
an application of a cavity liner is very desirable. 

The Kryptex should be whipped to a thin homogeneous consistency. Both the 
tooth preparation and the inside of the veneer crown should be painted quickly. 
The crown should then be seated directly to place. A straight tapping action with 
the index finger of one hand, while the crown is held in place with the index finger 
of the other hand, aids in seating the crown completely. Alternating the tapping 
with one hand and then the other is advisable. The crown should be held se- 
curely until the cement has completely crystallized. 


SUMMARY 


The causative factors of full porcelain veneer crown failures have been pointed 
out. For many years, the primary thought has been to construct full porcelain 
veneer crowns with as much bulk of porcelain as possible but with little thought 
to the requirements for the individual case. By making an accurate analysis of 
mandibular function, a guide is established for the amount of tooth reduction neces- 
sary for full porcelain coverage. By adequate tooth support to the porcelain, the 
need for bulk of porcelain decreases, and tooth reduction can be kept to a minimum. 

By utilizing a chamfer preparation at the labial gingival margin of anterior 
teeth, excessive tooth reduction can be eliminated, and the porcelain can be laid 
on the dentine just as the enamel covering has been on the teeth. Soft tissue irri- 
tation is eliminated by the protective contour of glazed porcelain, and instead 
of gingival recession, the gingivae will hug the porcelain crown and remain firm 
and healthy. 

Full porcelain veneer crowns can be ground accurately to balanced occlusion 
by painting the opposing teeth with an oil base pigment, such as Prussian blue 
thinned with eugenol or a thin sweet oil. Colored paper or cloth interposes bulk 
between teeth, thus creating a tendency to grind the completed crown out of oc- 
clusion. 
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THE VALUE OF “I DON’T KNOW” 


ALEXANDER L. Martone, D.D.S., M.Sc. 
Norfolk, Va. 


N WRITING OF MAN, THOREAU has said, “How can he remember 
well his ignorance—which his growth requires—who has so often to use his 
knowledge?” In so writing, he recognizes both the positive value of the “I don’t 
know” attitude as the basis for all mental growth, as well as the dangers of intel- 
lectual contentment. The very nature of our professional life places demands upon 
our knowledge which are so great that we are apt to lose this recognition of ig- 
norance and become imbued with an “I know” attitude which is a mental block to 
all learning. 

If the mature individual could maintain but a part of the tremendous intel- 
lectual curiosity that is an inherent attribute of childhood, his capacity for mental 
growth would be enlarging constantly. A child, once past the reflexive actions of 
his infancy, enters a period of rapid mental growth where he seeks to satisfy his 
curiosity long before he acquires a language facility. He enters the “Why” stage 
and becomes a seemingly bottomless receptacle for the storing of facts. He is 
in a state of intellectual innocence with no inhibitions against learning. The first 
inhibitions appear as he approaches adolescence, for it is then that he becomes self- 
conscious and more aware of his competitive environment. This may be an age of 
frustrations caused, in part, by the unequal rates of mental and physical growth 
which are charactertistic of this transitional period. The “I know” attitude begins 
to appear, and resistance to learning is noticeable. As he becomes impressed with 
his own knowledge, the driving stimulus of his curiosity begins to diminish, and the 
perpetuation of his self-importance is of paramount concern. This is the very 
essence of the “I know” attitude which unfortunately has tremendous carry-over 
into maturity. 


PROFESSIONAL FACTORS WHICH PERPETUATE AN “I KNOW” ATTITUDE 


Thus far, we have concerned ourselves with the mental development of man, 
in general. The significance of this as it relates to men of our profession is worthy 
of consideration. From the start of our professional careers, we are constantly 
called upon to use our knowledge in the behalf of our patients. Society accords a 
respect to, and likewise places a responsibility upon, the professionally trained 
person. Early success in establishing a practice tends to reinforce the feeling of 
self-importance. Anxiety to have our patients recognize our superiority, and fear 
that they may discover the limitations of our knowledge may develop within us 
an authoritative attitude that promotes intellectual contentment. Fostered by these 
iactors, the “I kriow” attitude finds a fertile field in which to flourish. 


Received for publication Feb. 18, 1957. 
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THE SIGNIFICANCE OF “I DON’T KNOW” IN PROSTHODONTICS 


The ability to say to ourselves and to others, “I don’t know, but I will try to 
find out,” is of extreme importance to us as professional men. It is a mark of intel- 
lectual honesty and the cornerstone for intellectual survival. The need for an in- 
quiring mind is particularly essential in the successful practice of prosthodontics. 
By its very nature, this is an arbitrary science, lacking the customary landmarks 
found in operative dentistry and presenting many unknowns whose solutions are 
dependent on the ingenuity and experience of the operator. 

If this attitude is reflected in the first interview with a patient, it will prevent 
the making of promises to that patient which cannot be fulfilled. It can be an ex- 
cellent aid in determining the acceptance, referral, or rejection of a patient. The 
dangers of a faulty preliminary diagnosis can be avoided by employing a progres- 
sive diagnostic attitude throughout the treatment plan. 

In attempting to visualize the end result for a patient, we should be constantly 
aware of the variations in that individual’s needs. The construction of a pros- 
thetic appliance which will meet these requirements will frequently entail a modi- 
fication of technical procedures to adapt them to the specific limitation before the 
best solution is found. If we seek the proper technique for each patient, instead 
of attempting to adapt that patient to a routine technique, then each patient will 
represent an opportunity for us to learn the “why” in back of the “know how.” 

Because the adaptability of any patient is an unknown factor, our postopera- 
tive prosthodontic service must be a further period of learning which will permit the 
necessary corrections to be made for that patient. Thus successes may be attained 
where failures might have been encountered. 


PATIENT RESPONSE TO THIS ATTITUDE 


If our patients are convinced of our sincere desire to learn all that we can 
about their particular problems in order that we may render them the best possible 
prosthodontic treatment, they are very likely to respond with a cooperative attitude 
and be willing to accept their responsibility in the prosthodontic problems facing 
them. Those patients who have been victims of vain promises in the past will 
respect the dentist who says in all honesty, “TI don’t know all of the answers to your 
problem at present, but I will do my best to find out.” Our intellectual integrity 
can be greatly increased by putting ourselves in the position of our patients. 


NEEDS FOR THIS ATTITUDE 


In countries where people still may select the professional men who are to 
serve them, they make this choice on the basis of an individual’s value to them in 
their particular needs. This very selection places an added responsibility on us 
to give our patients the benefit of an ever-increasing knowledge on our part. Under 
our present laws, there are no requirements for periodic examinations to retest 
a dentist’s right to practice; he is cloaked with a professional immunity from the 
time of his graduation and State Board certification. Thus, the spur for intel- 
lectual growth must exist within the individual, for he alone controls the limits of 
his intellectual horizons. 
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SUMMARY 


We have attempted to stress the positive value of the recognition of those 
things which we do not know but still need to learn. It has been said that we are 
not disturbed by that which we know or that which we do not know, but that which 
troubles us is what we know that we do not know. If this makes for intellectual 
discontent, then it is also responsible for mental growth. We cannot let the fear of 
error keep us from this mental growth. Mistakes are a part of the learning process, 
and we should not discount their asset value. For in our training, we learn rules; 
in our experience, we learn the exceptions. Most of our great teachers have had 
the courage to say, “I don’t know, but I will find out.” As their students, we 
should reflect this attitude in the practice of our profession. 
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A CEPHALOMETRIC STUDY OF THE CLINICAL REST POSITION 
OF THE MANDIBLE 


Part IJ. THE VARIABILITY IN THE RATE OF BONE Loss 
FOLLOWING THE REMOVAL OF OccLUSAL CONTACTS 


DoucLtas ALLEN Atwoop, A.B., M.D., D.M.D. 


Harvard School of Dental Medicine and Veterans Administration Hospital 
Boston, Mass. 


LINICALLY, THE PROBLEM OF rest position of the mandible in the 
edentulous patient resolves itself to two basic questions: (1) Is the rest po- 
sition always the same? (2) If there can be a decrease in resting vertical di- 
mension following the removal of occlusal contacts, can we restore this lost ver- 
tical dimension when we construct dentures? The fact that there was an average 
closure of 3 mm. in 22 out of 42 patients (as seen in Part I’) does not answer the 
question as to whether we can restore this lost vertical dimension with impunity. 
It is often stated that if the present resting vertical dimension is exceeded by den- 
tures, rapid resorption of the residual bone always occurs due to the constancy of 
muscle length and the dominance of muscle over bone. Let us first review neuro- 
muscular physiology from the viewpoint of the clinician. 


A CLINICAL APPROACH TO MUSCLE PHYSIOLOGY 


The very nature of human striated muscle implies constantly changing activity 
under both voluntary and reflex control within certain physiologic limits. If the 
clinician consults the standard texts of physiology, he is likely to be confused by the 
detailed analysis of the muscle fiber and the simple reflex arc with the result that 
he may fail to get an over-all broad concept of the dynamic character of the complex 
neuromuscular system. The clinician can receive much help from texts of “physi- 
cal medicine” and “muscle exercise” which discuss muscles in a more clinical 
fashion. In particular, Kraus’ presents a clear, logical, clinical approach to the 
“pathophysiology” of muscles. 

As pointed out in Part I, general body posture is under the influence of many 
factors, both physiologic and pathologic. It is apparent that, as body posture 
changes, either the length or the tone of the muscles involved, or both, must change 
and that, as one group of muscles shortens, the antagonists lengthen. Moreover, 
it is evident that a state of balance between the antagonists can occur at an infinite 
variety of muscle lengths and tones within certain physiologic limits. 

Perhaps a more dramatic example of change in muscle length occurs during 
and after pregnancy. As the products of conception grow, the abdominal muscles 

Read before the Academy of Denture Prosthetics, New York, N.Y., May 6, 1955. 
Received for publication Oct. 2, 1956. 
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are stretched, often within the physiologic limit. At the termination of the preg- 
nancy, the muscles are temporarily somewhat weak and toneless, exhibiting so- 
called “stretch-weakness” ; but normal activity, aided by specific exercises, usually 
restores muscle tone. Sometimes the products of conception are too large, and 
the abdominal muscles are “overstretched.” As a result, actual pathologic changes 
take place—the tearing of muscles and connective tissue fibers. These heal with 
scar tissue, are irreversible, and leave the muscle in a permanently weakened state. 
Yet, even here, much can be done through “re-education” of the remnants of mus- 
cular tissue to restore at least partially muscle tone and clinical muscle length. 

Acceptable clinical terminology for that state of muscle function representing 
the antonyms of “overstretch” and “stretch-weakness” would be “shortness” and 
“tightness.” When, in the treatment of fracture, the jaws are wired together for 
several weeks, the opening muscles are held in a state of “shortness”; and when 
the wires are removed, these muscles resist elongation, thereby exhibiting “tight- 
ness.” If a muscle is left in a shortened state for a long time, it may assume the 
reduced length permanently due to fibrosis. This is called “contracture”; but 
even here much can be done by physiotherapeutic means, such as outside stretch- 
ing, either by the antagonist muscles or by a person treating the patient. 


PHYSIOLOGIC ELASTICITY 
It is inaccurate and incomplete to think of muscle simply as an inanimate 


rubber band which inevitably tries to return to a certain resting length. It is true 
that muscles do possess certain qualities of elasticity; but, as Kraus* points out, 
there are two phases to the “total elasticity” of living muscle tissue: the purely 
mechanical “physical elasticity” similar to that of many other structures, and the 
living “physiological elasticity” which is dependent on the complex neuromuscular 
control and is unique for muscle. Kraus’ defines “physiological elasticity” as “the 
ability of the muscle to surrender contraction (tension), to ‘decontract,’ to relax.” 
This is an active living response involving neurologic activity, not merely a me- 
chanical rubber-band-like response. 

Because it is a living response, physiologic elasticity may be impaired in dis- 
eased or pathologic states. A muscle may lose some of its ability to relax. As 
Kraus‘ points out: “A fatigued muscle loses part of its ability to return to its 
maximum length.” This also occurs both in reflex muscle spasm due to pain (e.g., 
trismus) and in spasticity which occurs in certain neurologic diseases. In addi- 
tion, there may occur in general nervous tension a state of muscle “hyper-tense- 
ness.” Kraus® states, “Hyper-tenseness is present in a muscle that does not—or 
does so only to a limited degree—give up tension. However, in contrast to spasm 
or spasticity, the muscle can lengthen to the required extent.” In these brief ex- 
amples, we see that muscle tension may be differentiated from muscle length, for 
they are not synonymous and may change independently of one another. 

If we apply these concepts of muscle physiology to our clinical problem, we 
find that, if resting vertical dimension has decreased following the removal of oc- 
clusal contacts, our ability to restore this lost vertical dimension with dentures 
Will depend to a large degree on (1) the amount of lengthening and stretch- 
weakness of the opening muscles, (2) the amount of shortness and tightness of the 
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closing muscles, (3) the duration and permanence of such changes, (4) the amount 
of superimposed “hyper-tenseness,” (5) the degree of coordination and the ability 
and will to learn a different habitual posture, and (6) the operator’s ability to 
help the patient in the process of “re-education.” Increasing understanding of myo- 
functional therapy and patient “conditioning” (Rogers,”* Stoll,* Boos,’ Block,” 
and others) points the way to clinical application of these physiologic concepts. 


METHODS AND MATERIALS 


In Part I of this study, it was shown that in 42 patients, the clinical rest posi- 
tion varied to various degrees following the removal of occlusal contacts. In 32 
of these patients, sufficient observations were made after the insertion of dentures 
to detect any decrease in occlusal vertical dimension. .In most of these patients, 
there was a variable decrease; but decrease in occlusal vertical dimension could be 


'D) 


Fig. 1—A cephalometric tracing with the reference points for measurements indicated. 
A, The nasion; B, the crest of the maxillary ridge; C, the crest of the mandibular ridge; and D, the 
gnathion. 


due either to attrition of the denture teeth or resorption of the ridges. The measure- 
ment of resorption of ridges was not seriously considered during the early years 
of the study of the rest position. However, when the amount of resorption in cer- 
tain patients became so great that it was clearly evident in the roentgenograms, 
even to the naked eye, then various attempts were made to locate new points of 
reference. On each of the films for each patient, it was possible to locate the mect- 
ing point of four lines representing the right and left residual ridge crests and the 
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labial and lingual plates. This point represents the height of the residual ridge 
crest in the midline and can be found on both the maxillae and the mandible. <Ac- 
cordingly, all of the roentgenograms were reviewed, and the following measure- 
ments were made: from the nasion (Fig. 1,4) to the crest of the maxillary ridge 
(Fig. 1,B); from the crest of maxillary ridge to crest of mandibular ridge (Fig. 
1,C) when the dentures are in contact; and from the crest of the mandibular ridge 
to gnathion (Fig. 1,0). Decreases in nasion-maxri (AB) and manri-gnathion 
(CD) indicate vertical bone resorption of the anterior maxillary and mandibular 
ridges, respectively. Decreases in maxri-manri (BC) indicate attrition, whereas 
increases indicate that the dentures were relined or rebased. 


In order to study the effect of the occlusal vertical dimension on the amount 
and rate of bone resorption, the 32 patients, on whom sufficient observations were 
made after the insertion of dentures, were divided into two main groups: (1) 
those who were given adequate free-way space, and (2) those who were not. For 
purposes of analysis, it was decided to compare the occlusal vertical dimension at 
insertion with the resting vertical dimension (without dentures) at time of in- 
sertion. The latter was used because this is the position one is most often forced 
to deal with clinically, rather than the pre-extraction resting vertical dimension. In 
other words, this is an attempt to answer the question: Given an edentulous pa- 
tient without dentures, will an occlusal vertical dimension exceeding the resting 
vertical dimension cause resorption of the edentulous ridge? In Groups I and III, 
the occlusal vertical dimension was 1.0 mm., or more. less than the edentulous 
resting vertical dimension. In Groups II and IV, the resting vertical dimension 
was encroached upon by the occlusion of the dentures. A number of other criteria 
may be used for analysis, and although there will be minor rearrangements in the 
groupings, the principal findings are reproduced. 


NEW DATA AND COMPARISON WITH DATA PRESENTED BY OTHER WORKERS 


In Table I, the amount of vertical bone resorption of the anterior edentulous 
ridges on 32 patients as measured on the cephalometric roentgenograms is pre- 
sented together with the time interval over which the measurements were made. 
Because these time intervals varied considerably, the rates of bone resorption were 
calculated both for the preinsertion and postinsertion periods. In noting, in Table 
If, that the ratio of preinsertion to postinsertion rate of bone loss in Group I is 
8:1, it is imperative to remember that, in all of these patients, the preinsertion pe- 
riod was also the early postextraction period. 


In Table III, the data is shown for two contrasting patients. The data for the 
other 30 patients is omitted for editorial reasons. If one plots on a graph the 


amount of bone loss against time (Fig: 2), one usually finds a curve which is steep 
during the first 3 to 4 months following extractions (indicating a more rapid rate 
of bone loss) and which tends to level off (indicating a slowing up of the rate of 
hone loss). Both the amount and rate of bone loss will depend both on the point 
of time at which one begins to measure following the extraction (i.e., the base-line 
cate) and on the interval of time. 
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TABLE I 








DIFFERENCE 
BETWEEN REST VERTICAL BONE RESORPTION OF ANTERIOR EDENTULOUS 
WITHOUT RIDGES 
DENTURES AND 
OCCLUSAL WITH 
DENTURES AT 
INSERTION PREINSERTION POSTINSERTION 








“ADEQUATE” 
GROUP I DIFFERENCE AMOUNT AMOUNT RATE 
Max. and (MM. ) (MM.) (MM. ) (MM./MO.) 


Mand. 

—1. 4.0 E 15 

—3. * 0.5 
—4., 325 ; SAO 
—3. 0.5 , 0 
—1. 0.5 : 1 es 
—4., . 0 
—1. 4.0 ; O25 








AVE.: 


GROUP III 
Max. only 
No. 32 —1. 

53 —1. 

65 —2. 

75 —5 

80 —1. 

103 —3. 

113 —3 


AVE.: —2. 


























| NOUMNNood 











*Insufficient data. 


However, if the data from two different patients is examined over similar 
portions of the curve, as in Fig. 2, variations are found between different indi- 
viduals, indicating the existence of other factors such as age, health, “bone resist- 
ance,” interocclusal clearance, etc. 

A simple summary of the data presented in Table I may include: (1) Of 
those given an adequate interocclusal clearance, some (Nos. 33 and 74) had an 
exceedingly slow rate of bone loss, while others (Nos. 78 and 110) had a more 
rapid rate. (2) Of those given an inadequate interocclusal clearance, some (Nos. 
118 and 151) had a rapid rate as expected; but others (Nos. 90 and 95) failed to 
have the amount and rate that might have been expected. (3) The rate of bone 
loss seemed more characteristic of the individual than of the group. 

Close analysis and graphing of the raw data on bone loss (Fig. 2) also shows 
that the postextraction bone loss curve was not appreciably affected in either di- 
rection by the insertion of dentures. 

Thompson™ ” did not measure bone loss directly, as was done in this study. 
However, by comparing the occlusal vertical dimensions, a rough idea of the loss 
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TABLE I—Cont’p 








DIFFERENCE 
BETWEEN REST VERTICAL BONE RESORPTION OF ANTERIOR EDENTULOUS 
WITHOUT RIDGES 
DENTURES AND 
OCCLUSAL WITH 
DENTURES AT 
INSERTION PREINSERTION POSTINSERTION 








“INADEQUATE” 
GROUP II DIFFERENCE AMOUNT RATE AMOUNT RATE 

Max. and (MM. ) (MM. ) (mM./MO.)| (MM.) ; (MM./MO. ) 

Mand. | 

No. 13 6.5 | 2 

30 ” 

31 

56 

59 

62 

84 

116 

118 

151 

153 


AVE.:| 


GROUP IV 
Max. only 
No. 51 

90 

95 

98 

101 

104 ; 

114 : mmediate 


AVE.:| | 3.3 
l 
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*Insufficient data. 


TABLE II. SUMMARY OF RATES OF VERTICAL BONE RESORPTION OF ANTERIOR EDENTULOUS RIDGES 
FOLLOWING THE EXTRACTION OF TEETH 








PREINSERTION POSTINSERTION 
GROUP* (MM./MO.) (MM./MO.) 





Maxilla and Mandible 
I (Ave. of 7) > 0.13 
II (Ave. of 11) ; 0.21 


Maxilla Only 
III (Ave. of 7) 0. 
IV (Ave. of 7) 0. 


0. 
0. 


1 8:1 
7 12 3:1 














*Groups I and III presented an “adequate” interocclusal clearance, while Groups II and IV 
presented an “inadequate” interocclusal clearance at insertion of dentures (see text). 


of vertical height’ may be obtained. Thompson’s data show findings remarkably 
similar to those in this study. Although it seems evident that several of the pa- 
tients in his study who were not given an adequate interocclusal clearance showed 
considerable subsequent decrease in the occlusal vertical dimension, presumably in- 
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TABLE III. CHANGES IN VERTICAL HEIGHT OF ANTERIOR EDENTULOUS RIDGES FOLLOWING 
EXTRACTION OF REMAINING TEETH 








= 


ANTERIOR MAXILLAE | ANTERIOR MANDIBLE 





| 
PRE- | _ Post- GNATHIONT | PRE- POST- 
INSERTION | INSERTION (MM.) | INSERTION INSERTION 
| 


| | MANRI- 
| 
| 
| 





| 32. 

—0. | 32. 
—1. St. 
—2. | | 30. 
—2.: | | 28. 
—2.: | Insertion | 28. 
}  =005 | Di. 

—0.5 24. 

-0.5 | 24. 

—0.5 | 24. 
—0.5 | 23. 











ies 
| 
| 





AQnInnaeaocoencecse 


mammnnnS 


Totals | 3: fh —0.5 —8.5 


32: 
32: 
: Insertion | St: 
12 ; 0 | 30.4 
18 | 0 30.5 
21 | : | 0 30. 





Totals | is | oe 0 -—1: 





*Nas-maxri = nasion-maxillary ridge 
+Manri gnathion = mandibular ridge-gnathion. 


i 
| 


ag yen er ee Base line 





° 


| 


\ 


Vertical Bone Loss 





20 





Months Following Extraction 


Fig. 2—A comparison of the vertical bone loss in two patients. 
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dicating bone loss (e.g., Nos. 30, 42, and 134), at least two other findings also ap- 
pear to be true. First, of those who were given an inadequate interocclusal clear- 
ance, some failed to show the expected decrease in occlusal vertical dimension 
(e.g., Nos. 67 and 70). Second, of those given an adequate interocclusal clearance, 
some got considerably more decrease than might have been expected (e.g., Nos. 
76 and 93). 


CLINICAL INTERPRETATION OF THE DATA 


It should be emphasized that, as in Part I, because of the small sample studied, 
and because of the infinite variability of human beings, there should be no attempt 
to apply any of this data directly to individual patients. The amounts and rates of 
bone loss are only important in so far as they may give clues to certain broad 


concepts. 
These data do not prove that an adequate interocclusal clearance is never an 


important factor, but rather it suggests that it is not the only factor. 


These data suggest that dependence on a single rule for clinical judgment for 
all patients is an unreliable procedure. Mature clinical judgment is a complex 
mental process involving the balancing of many factors, pr., and con, The ex- 
perienced clinician does much of this automatically and empirically. 

These data suggest that there are many factors influencing the rate of resorp- 
tion of edentulous ridges. For convenience, we have divied these factors into 
four main groups: anatomic, functional, metabolic, and pr@gMbetic. In a subse- 
quent article, an attempt will be made to highlight some of 4 factors and their 
intricate interrelationships. 

In the establishment of a satisfactory functional and es occlusal vertical 
dimension in the edentulous patient, the resting vertical dinf§ns¥on is the starting 
point. The amount of interocclusal clearance established wil not be the same in 
every patient but will be dependent on our evaluation of the many factors involved. 

This individuality was stressed by Tench” in his article 6n the dangers of in- 
creasing the vertical dimension. He wrote: “Let us not lose sight of the fact that 
the habits of mastication and bone resistance are individual; that either may be 
stronger than the other in a given individual re 


SUMMARY 


1. Balance between antagonistic muscles can occur at an infinite variety of 
muscle lengths and tones within certain physiologic limits because of the complex, 
dynamic character of the neuromuscular system. 

2. Certain pathologic states of muscle are recognized clinically: stretch- 
weakness, shortness, contracture, spasm, hyper-tenseness, fatigue. 

3. The ability of a patient to regain the lost vertical dimension with dentures 
will depend to a large degree on: (a) the amount of lengthening and stretch-weak- 
ness of the opening muscles, (b) the amount of shortness and tightness of the 
closing muscles, (c) the duration and permanence of these changes, (d) the amount 
of superimposed hyper-tenseness, (e) the degree of coordination and the ability 
to learn. 
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4. Of 32 patients studied cephalometrically after the insertion of dentures, 
28 showed measurable bone resorption over intervals varying from 5 to 46 months, 
each patient varying to a different degree. 

5. If these 32 patients are divided arbitrarily into those given an adequate 
interocclusal clearance and those not given an adequate interocclusal clearance, 
some with rapid rates of resorption and some with little or no resorption will be 
found in each group. The rate of bone loss appears to be more characteristic of 
the individual than of the group. 

6. Analysis of the data suggests that there are many factors influencing the 
rate of resorption of edentulous ridge, including anatomic, functional, metabolic, 
and prosthetic factors, and that dependence on a single factor in the establishment 
of the occlusal vertical dimension is unsafe. 
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A STUDY OF OCCLUSAL SURFACE CONTACTS IN 
ARTIFICIAL DENTURES 


AntHony K. Karres, CoMMANDER (DC) USN 
U. S. Naval Training Center, San Diego, Calif. 


OMPLETE DENTURES ARE AN artificial substitute for the dentition and 

associated structures. Among the many factors influencing their retention 

and stability in function are the adaptation of the denture bases to the denture-bear- 

ing areas, the configuration of the polished surfaces, and the arrangement of the 

artificial teeth in centric relation and to a selected occlusal scheme at an acceptable 
vertical dimension of occlusion. 

The effect of various occlusions in terms of masticatory pressures against 
localized areas of tissue support, in which various types of posterior teeth were 
used, has been reported by Frechette”* and Stromberg.* The occurrence of oc- 
clusal surface contacts made during mastication with dentures in which the flat 
or horizontal concept of occlusion was primarily employed has been reported by 
Yurkstas and Emerson.* 

The motivation for this study is due in part to the comments made by Boucher” 
on the report written by Yurkstas and Emerson,‘ in which it was suggested that the 
type of work should be extended to cover other types of teeth. The objective in 
this study is to determine, by electronic means, the occlusal surface contacts made 
during mastication between dentures in which various posterior tooth forms are 
arranged to various occlusal concepts. 


TEST DENTURES 


A series of complete maxillary and mandibular dentures were fabricated in 
which various posterior tooth forms were used and arranged to various occlusal 
concepts. The selection of the posterior tooth form was determined by an evalua- 
tion of the clinical findings with the ridge type, ridge relation, and the interarch 
distance being taken into consideration as suggested by Payne.° All of the den- 
tures were constructed on a Hanau Model H articulator. A face-bow was used 
to relate the maxillary cast to the condylar elements. Average readings, obtained 
from four interocclusal protrusive wax records, were used to set the condylar 
guidances. A horizontal incisal guidance was used in all dentures. The lateral 
condylar guidances were set in accordance with the Hanau formula. In those cases 
in which the horizontal concept of occlusion was used, without retromolar addi- 
tions, the condylar elements were set at zero. All of the dentures were processed 
in methyl methacrylate resin and remounted to correct the processing errors. 


The opinions or assertions contained herein are those of the author and are not to be 
nstrued as official or as reflecting the view of the Navy Department or the Naval Service at 
rge, 

Received for publication Jan. 2, 1957. 
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The posterior occlusal surfaces of each of the dentures were rendered electro- 
conductive in the following manner. Small mesio-occlusal preparations were made 
in each of the first molars. Denuded ends of insulated wire were inserted in each 
of the preparations and made secure with amalgam. Particular attention was ex- 
ercised to avoid occlusal interferences in centric and eccentric relations. In order 
to avoid interference of the wires during mastication, the wires were affixed to the 
buccal surfaces of the dentures with sticky wax. The wiring and the dentures 
were completely masked with masking tape, except for the occlusal thirds of the 
posterior teeth. The exposed occlusal surfaces were subjected to a liquid blast of wet 
Pangbornite No. 100 (decomposed rock) at 60 pounds pressure at the regulator. 


Fig. 1.—A, The dentures with electroconductive occlusal surfaces wired for testing. 8, 

The wires affixed to the buccal surfaces of the dentures to avoid occlusal interference during 
mastication. 
The occlusal surfaces were then vacuum metallized with silver under high vacuum 
conditions. The masking tape was removed, and the silvered surfaces were electro- 
plated with copper. The combined thickness of the silver-copper deposition was 
measured as 0.002 inch. The result was metallic posterior occlusal surfaces which 
were electroconductive, and which were capable of withstanding masticatory abra- 
sion due to contact, and abrasion due to the nature and texture of the test foods (Fig. 
1). The dentures with the Vitallium occlusal segments were wired in a manner 
described by Yurkstas and Emerson.* 
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Fig. 3.—A tracing obtained on a dual-channel Brush recorder with a patient chewing a bologna 
sandwich. 
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The circuitry consisted of a 1% volt dry cell battery, suitable resistors, am- 
plifiers, and a dual-channel Brush recorder (Fig. 2). Positive contact of the oc- 
clusal surfaces of the denture was manifested by a deflection on the recorder, 
Bilateral occlusal contact was evidenced by dual deflections on the recorder (Fig. 
3). The subjects were not permitted to observe the recorder during the masti- 
cation of the test foods. 

A multichannel recorder was used for those dentures in which the horizontal 
and reverse curve concepts of occlusion were studied, which included retromolar 
additions in the form of gold second mandibular molars (Fig. 4). The gold molars 
were wired separately in order to determine the frequency of protrusive contact 
during incision and mastication (Fig. 5). 


Fig. 5.—The position of a retromolar addition wired to study protrusive contacts. 


TESTING PROCEDURES 


The dentures were studied for occlusal surface contact during mastication. 
The test foods used were 3 Gm. portions of peanuts (cocktail, salted), sections of 
apple, peeled and unpeeled (Delicious variety), bologna sandwich on wheat bread, 
and 4 mm. slices of raw carrot. 

A test food was presented to the patient who was instructed to chew the 
food on his preferred side of the mouth. The occurrence of occlusal surface con- 
tacts was recorded on the Brush recorder. The subject was instructed to swallow 
whenever it was necessary but to indicate the time of swallow by a nod of the head. 
When the bolus of food had been completely masticated and swallowed, the patient 
was instructed to close in centric relation to ascertain whether bilateral contact was 
present. The patient was presented a similar portion of the same test food and 
was instructed to chew it on the opposite side of the mouth. This procedure was 
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alternately repeated with each of the test foods. The dentures were removed, rinsed, 
sprinkled with adhesive powder, and reinserted. The entire test procedure was 
repeated. A multichannel recorder was used in those cases in which retromolar 
contacts were studied. Recordings were obtained and the data were compiled. 


GENERAL OBSERVATIONS 


It became evident immediately that the amount and nature of the test food 
was a factor in the occurrence of occlusal surface contacts. The following observa- 
tions were noted when the patient masticated the prescribed test foods: 

A. Peanuts: It was noted that, almost without exception, the comminuted 
peanut particles separated the occlusal surfaces on the chewing side as evidenced 
by the lack of surface contact on the recorder. It was necessary after each test 
food to request the patient to clear the occlusal surfaces of peanut particles with 
the tongue before proceeding to the next portion of the test food. It was also 
noted that almost 100 per cent contact was evidenced on the nonchewing side irre- 
spective of the tooth form or arrangement used. 

B. Apple, peeled: The penetration of this test food was relatively easy, and 
the occlusal surface contacts were high on both the chewing and the nonchewing 
side. 

C. Apple, unpeeled: The presence of apple peel acted as a barrier to the 
contact of the occlusal surfaces as evidenced by a decreased percentage of con- 
tacts made when compared with the data obtained with the peeled apple. 

D. Bologna sandwich: The penetration of this test food was relatively easy. 
Contact was noted on both the chewing and nonchewing sides. 

E. Carrot: Raw carrot required greater masticatory force for penetration. 
The occlusal surface contacts were found to be relatively high on the nonchewing 
side. As penetration and comminution progressed, an increased number of contacts 
were exhibited on the chewing side. 

It was observed that the younger the patient, the fewer were the number of 
masticatory strokes required to masticate the prescribed portion of food. It was 
felt that these patients tended to swallow the test foods in larger particles. 

It was noted that the occurrence of occlusal surface contacts made during the 
act of swallowing varied. In several of the patients studied, it was noted that the 
occlusal surfaces did not contact during the act of swallowing saliva. In these cases. 
the patient’s tongue was either interposed between the occlusal surfaces, or it was 
so positioned in the palatal aspect of the maxillary arch that occlusal contact was 
not made. In the process of mastication, contact of the occlusal surfaces during 
swallowing varied, depending upon the amount and texture of the bolus of food. 
Contact of the occlusal surfaces at the final swallow was generally observed. 

When the patient chewed the prescribed test food on his preferred side of 
the mouth, it was done with greater ease and comfort. The masticatory strokes 
exhibited a more rhythmic pattern, apparently due to better coordinated neuro- 
muscular control of the masticatory system. 

The functions of the retromolar additions were evidenced during incision 
aril mastication (Fig. 6). Bilateral contacts between the distal edges of the upper 
first molars and the cast gold lower second molars occurred upon incision. Uni- 
laicral retromolar contact was exhibited on the nonchewing side during mastication. 
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The frequency of contact was recorded as the percentage of strokes that con- 
tacted while the bolus was masticated. The total number of strokes was counted 
from the time immediately after incision to the act of swallowing. 
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Fig. 6—A tracing obtained on a multichannel Brush recorder with a patient chewing a 
bologna sandwich. The deflections at channels 2 and 5 indicate retromolar contacts. 


SUMMARY OF FINDINGS 


The percentage of occlusal surface contact of artificial dentures during masti- 
cation is presented in Table I. The findings presented are those in which the 
patients chewed the prescribed test foods on the preferred side of the mouth and 
without the addition of adhesive powder. 

The percentage of contact on both the chewing and nonchewing sides varied 
from trial to trial and patient to patient. In all instances, contact on the non- 
chewing side was greater than that found on the chewing side. 
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The use of adhesive powder did not appear to change materially the percent- 
age of occlusal surface contacts. However, in those instances of old dentures 
which lacked retention and stability, the use of adhesive powder did assist retention, 
and the percentage of occlusal surface contacts was found to be comparable to the 
contacts made by well-adapted dentures. 


DISCUSSION 


The movement of dentures in function is probably responsible for the fre- 
quent occurrence of occlusal surface contacts on the nonchewing side. The dis- 
placement of variable areas of tissue support during mastication may account for 
this movement. Further, although the dentures were remounted on an articulator 
to correct the occlusal errors produced by processing, the dimensional changes 
inherent in the denture bases may result in the loss of close adaptation which pre- 
viously existed in the final impressions. This error may contribute to the move- 
ment found in dentures in function. Other factors to consider are the mechanical 
tipping of the dentures due to the tooth-ridge placement and the selection of the 
occlusal plane, particularly in patients presenting redundant tissue support. An- 
other possibility is that of errors incorporated in the dentures due to the limitations 
of the articulator with inexact reproductions of mandibular movement. Finally, the 
rotational movement of the dentures in relation to each other and in relation to 
the supporting tissues, as reported by Boucher,’ may also result in unpredictable 
movement. 

No conclusions can be made other than that the findings of this study indicate 
that, with dentures, contact of the occlusal surfaces occurs during mastication 
regardless of the type of posterior tooth form used or of the arrangement of the 
occlusal scheme. Additional studies are indicated to refine these gross findings 
to ascertain specific areas of contact under the various concepts of occlusion. 

I wish to acknowledge indebtedness to Captain S. T. Kasper, (DC) USN, for his counsel 
and guidance, and to J. C. Thompson, B.S., F. D. Carpenter, B.S., R. K. Logan, and others of 
the U. S. Naval Electronics Laboratory, San Diego, California, for their generous suggestions 


and invaluable technical assistance; and to C. E. Laue (DT1) USN, of the U. S. Naval Train- 
ing Center, San Diego, California, for assisting in the fabrication procedures. 
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ELECTROMYOGRAPHIC STUDIES OF MANDIBULAR MUSCLES 
IN BASIC JAW MOVEMENTS 


J. C. Hicusy, D.DS., MS.,* BR. W. Sract, Pu Dy 
AND L. L. Rinear, B.A.*** 


Ohio State University, Columbus, Ohio. 


LECTROMYOGRAPHIC WORK DATES back almost fifty years." Al- 

though recently it has become more prominent in the dental literature, it is 
still a relatively new field. The musculature participating in the movements of the 
jaw have been studied in normal individuals by use of the electromyogram.’ 
Deviations from these normals have been found in individuals exhibiting such 
things as malocclusion,’ pathologic conditions of the muscles themselves,* chew- 
ing habits, or malposition of individual teeth.’ 

Since the prosthodontist is greatly concerned with different types of posterior 
tooth forms, it was thought possible that these various tooth forms on identical 
dentures constructed for a subject might produce differences in the electromyo- 
graphic tracings during mastication. 

It was with this plan in mind that three identical dentures were constructed 
and various foodstuffs masticated by the subject while electromyographic tracings 
were made. Also various jaw movements were analyzed as to muscular activity. 
It is with the latter that this article is concerned, the afore-mentioned to be re- 
ported in a later work. 


METHODS AND PROCEDURES 


Since the procedures to construct the dentures, types of posterior teeth, and 
foodstuffs used are not pertinent to this article, they will not be described here. 

The records were made using a Grass Model III-D electroencephalograph on 
the electromyograph setting. This instrument is designed with eight recording 
channels so that it is possible to make simultaneous recordings of the electrical 
responses of eight different muscles. The recording system is that of the ink-on- 
paper method. It was found that a paper speed of 6 cm. per second seemed best 
suited for our purposes. 

Records were made from the right and left temporal, the right and left mas- 
seter, the right and left suprahyoid, and the right and left external pterygoid 
muscles. Fractionation of the fibers of the temporal muscles was not attempted 
as the recording channels were desired for use with other muscles. 


Portions of this article were taken from a thesis submitted in partial requirements for the 
degree, Master of Science, at Ohio State University, 1955. 
Received for publication Sept. 26, 1956. 
*Instructor, Division of Prosthodontics, College of Dentistry. 
**Division of Biophysics, Department of Physiology. 
***K.E.G. Specialist, Columbus Receiving Hospital and State Institute of Psychiatry. 
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Grass surface electrodes were used for the recordings made from the masseter, 
temporal, and suprahyoid muscles. The platinum disc was coated with electrode 
jelly and attached to the desired area by the use of collodion. The electrical 
responses of the external pterygoid muscles were recorded by using a monopolar 
needle electrode which was inserted intraorally into the body of the muscle after 
anesthetizing the mucous membrane over the area with a local anesthetic. Both 
the needle electrode and the placement of the electrodes have been described by 
Moyers.” 

The recordings were made at the Electroencephalograph Clinic at the State 
Hospital, Columbus, Ohio. The author served as a subject on many occasions to 
determine the best instrument recording settings, placing and choice of electrodes 
and grounds, patient position, and, in general, to eliminate difficulties in the pro- 
cedure before the actual testing was done. 

The various jaw movements from which recordings were made included 
open wide; close, with the teeth coming forcefully into contact; move to the right, 
with the teeth out of contact; move to the left, with the teeth out of contact; and 
protrusion of the mandible, also with the teeth out of contact. 

In many instances it is possible, by mere observation of the records, to 
obtain information concerning the relative activity of the various muscles for 
a particular movement. However, it was felt that more exacting results could 
be obtained if the activity of the muscles could be represented graphically for 
a given jaw movement as related to time. This was achieved by dividing the 
movement to be studied into periods of 0.2 second. Since the speed of the record- 
ing instrument makes the distance between each perpendicular time line the equiv- 
alent of 0.1 second, it was possible to measure the spikes and arrive at a sum 
total of activity for a 0.2 second period of time. The spikes were measured with 
a vernier caliper accurate to 0.1 mm. and totaled for each 0.2 second period. 
These sums were then plotted against time, and graphic comparisons of the elec- 
trical activity of the various muscles were made. 


RESULTS 


During almost any mandibular movement, all of the muscles tested show 
greater activity than when the jaw is at rest. However, this increased activity 
is much more pronounced in some muscles than in others. A typical electro- 
myogram of an opening movement is seen in Fig. 1. The greatest electrical ac- 
tivity is recorded from the external pterygoid muscles with the suprahyoid muscles 
showing the next greatest increase within 0.1 second. 

Fig. 2 shows a graphic representation of the movements studied. Each graph 
represents the average of five such movements. 

The closing record shows that the increased activity is primarily observed 
in the masseter and temporal muscles with the least activity from the right and 
left external pterygoid muscles. 

When the mandible was moved to the right, the left external pterygoid 
showed a striking increase in electrical activity, and this activity was observed 
to last as long as the mandible was held in this position. There was little change 
in the other recorded muscles. 
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Fig. 1.—An electromyogram of an open 
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Fig. 2.—Graphic representation of jaw movements. 
right, opening movement; center left, movement to left; 
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Similarly, when the mandible was moved to the left, the right external ptery- 
goid muscle exhibited an immediate marked increase while the other muscles 
remained fairly inactive. 
On protrusion of the mandible, both external pterygoid muscles showed 
the greatest response, with the closing muscles showing considerably less electri- 
cal activity. 


DISCUSSION 


It is important to note that electromyography does not indicate what a muscle 
does as far as movement of a part is concerned. It indicates only an increase or 
decrease in the electrical activity of the part. If a mandibular muscle is contract- 
ing isometrically, it is not shortening in length, and hence is not active as a 
mandibular mover. It will, of course, show a definite increase in electrical ac- 
tivity. In such a case it is acting to hold the mandible in a particular position 
or in a stabilizing capacity. Therefore, it is essential that a knowledge of the origin 
and insertion of the muscles studied be added to clinical observations in order to 
draw conclusions from electromyographic tracings. 


The opening movement of the mandible is one about which much has been 
written and over which perhaps there has been the most controversy. It seems to 
be generally agreed that the external pterygoid muscles are the prime movers 
of the mandible during this movement. The question of whether or not the supra- 
hyoid muscles are active participants, however, is not nearly so universally agreed 
upon. 

Charles* and Seward" state that the suprahyoid muscles play no part in the 
opening movement. Lord* felt that opening was brought about by the action of 
the external pterygoid muscles, but that the mandible, after a certain degree of 
opening, tilted then around the sphenomandibular and stylomandibular ligaments, 
and that only under forced openings were the suprahyoid muscles active. Sicher* 
takes an opposing view. He claims that the ligaments are active only as checks 
in extreme positions and not as movers of the mandible. He feels that geniohyoid 
and digastric muscles pull the chin downward and mainly backward. Shapiro” 
states that the suprahyoid muscles assist in depressing the mandible, but only 
when the hyoid bone is fixed. 


The observations in the experiment performed in the opening movement 
show the most increase in electrical activity in both external pterygoid muscles 
but also a noticeable increase in the activity of the suprahyoid muscles. So we 
can conclude that they are actively participating in some manner. It seems certain 
they act as stabilizers. Moyers’ describes a case in which the digastric muscles 
had been removed, and the opening movement thereafter was not smooth but jerky. 
In addition, it is felt from study of the electromyograms and from clinical ob- 
servations that they are active in the actual depression of the mandible, especially 
so in forced openings. 

The findings of the muscles tested in the other jaw movements are in agree- 


ment with most of the past findings so no further discussion in them is deemed 
necessary. 
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It is interesting to observe the complexities of the neuromuscular system in 
the simple movements of the mandible as revealed by the electromyogram. These 
complexities are even more prominent in records where mastication is taking 
place. It is apparently from the combined results of the activity of many 
muscles that a smooth, coordinated movement is achieved. 


SUMMARY 


The muscular activity for various jaw movements has been measured and the 
total electrical activity of the different muscles compared on a time basis. 

Based on observed electrical activity and anatomic considerations, it has been 
concluded that the external pterygoid and suprahyoid muscles were primarily re- 
sponsible for the uncontrolled opening movement. The masseter and temporal 
muscles, of those listed, were responsible for the closing movement. The internal 
pterygoid muscles were not tested. The left external pterygoid muscle was mainly 
responsible for the movement of the mandible to the right and the right external 
pterygoid muscle for the opposite movement. Both external pterygoid muscles 
were responsible for the protrusion of the mandible. 

The analysis and discussion of the material covering the different sets of den- 
tures will be presented at « later time. 
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PIETERMARITZBURG, NATAL, SOUTH AFRICA 
Epitor, THE JOURNAL OF ProsTHETIC DENTISTRY: 


In the January, 1957, issue of your JouRNAL, Doctors Nidiffer and Shipmon report on 
“The Hollow Bulb Obturator for Acquired Palatal Openings” [J. Pros. DEN. 7 :126-134, 1957]. 
The case cited follows the removal of a mixed-cell tumor. The literature suggests that 
specialist opinion is not agreed whether this tumor is radiosensitive, and it is therefore possible 
that this patient did not receive heavy radiation therapy. I shall be most grateful to learn 
whether the appliance described still renders satisfactory service without alteration. 

During the past two years, I have completed one prosthetically identical and two some- 
what similar cases. Unfortunately, all patients had received radiation of high roentgen dose. 
In each case the appliance, which fitted perfectly at the time of insertion, became quite loose 
within a period of three to six months necessitating reline, which in turn again loosened. 

Paradoxically, the pseudosphincter action of the operation site upon the bulb did not 
loosen. 

A study of the best journals and latest textbooks has not revealed any positive informa- 
tion regarding the influence of roentgen dose upon such tissue shrinkage, its extent, or its pos- 
sible duration. 

If we discount for the present the potentiality of radionecrosis (to which Dr. Thoma makes 
clear reference in both his OraL SurGERY and OraL PAtTHoLocy), have we any scientific justi- 
fication for believing that heavy radiation, followed by a prosthetic appliance, will induce 
excessive bone resorption? As THE JOURNAL OF PROSTHETIC DENTISTRY has often stressed, 
the first duty of the prosthodontist is the preservation of the oral tissues. 

Is there then any correlation between roentgen dose and the period of waiting before a 
prosthesis can be commenced? 

I shall be sincerely grateful to any reader who may be able to offer suggestions toward 
this end. 

Sincerely yours, 


H. R. Extiott, D.D.C. 


Los ANGELES, CALIF. 


Epitor, THE JOURNAL OF PrRosTHETIC DENTISTRY : 


The many letters I have received from different sections of this country and foreign coun- 
tries have been highly complimentary of my recent article “Blood Chemistry—A Diagnostic 
Aid in Denture Prosthesis” [J. Pros. Den. 7:55-65, 1957] in the January JourNAL. I am 
very gratified for the response and the general tenor of the letters. 

No doubt the comments in your column “Through The Eyes of The Editor” as to the 
dangers, etc., were the adherence to an editorial policy. I may have been responsible for your 
editorial conclusions. I failed to mention the fact that the article was based upon years of 
experience. It was the result of twenty-eight years of intensive study and observation in 
the field of nutrition, the past seventeen of which have been devoted to blood chemistry and 
endocrine therapy. More than 12,000 blood chemistries have been analyzed on several thousand 
patients. 

The illustration. of the patient I used was representative of more than a hundred cases 
over this period of time. “Technical ineptness” was carefully checked in all patients. It could 


not be remotely considered as a causative factor in the problem of rapid resorption under 
dentures. 
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Many men have inquired in substance, “Where can I find a physician who can aptly 
handle this problem?” As a result, some of the best prosthetists in this area have referred 
patients to me. 

While I make no claim as to the originality in the use of insulin and posterior pituitary 
as recommended, I have never been able to find any reference to their use as such in the 
literature. I am doubtful that your endocrinologist friends with whom you consulted have 
used or heard of that combination before. To my knowledge there have never been any “side 
effects” resulting from their administration such as found in cortisone or ACTH. This ob- 
servation has been made on some patients receiving monthly or bimonthly injections over a 
period of years in order to maintain oral health. Hence, I felt that a dentist could safely 
use these preparations where indicated in my article. Many of my colleagues in California 
are using these preparations with most gratifying results. 

There still remains this controversy, whether or not a dentist is capable, by education, 
to treat oral diseases from a systemic point of view. I believe so. It is my opinion that 
the dental curriculum in our colleges should be re-evaluated with more emphasis being placed 
on the biophysiological phase of dentistry and a little less on the mechanical arts if dentistry 
is to justify its position as a true health service. 

Sincerely, 


J. Donato Suriser, D.D.S. 
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MEETINGS 


Pacific Coast Society of Prosthodontists, LaFayette Hotel, San Diego, Calif., Aug. 
15 to 17, 1957. 

Tenth Triennial Pacific Coast Dental Conference, San Diego, Calif., Aug. 19 to 22, 
1957. 

American Dental Society of Europe, Lausanne, Switzerland, Aug. 28 to 31, 1957. 

Federation Dentaire Internationale, Twelfth International Dental Congress, Con- 
gress building of the E.U.R., Rome, Italy, Sept. 7 to 14, 1957. 

American Denture Society, Americana Hotel, Miami Beach, Fla., Nov. 1 to 3, 1957. 


ANNOUNCEMENTS 


At the request of the American College of Dentists, the National Opinion Re- 
search Center of the University of Chicago, in cooperation with the Walter G. Zoller 
Memorial Dental Clinic, is currently engaged in a study of procedures and problems 
of dental practice. Personal interviews with a nationwide sample of active practic- 
ing dentists are now being conducted. Results of the study, which will be useful 
to the entire dental profession, will be made generally available in summary terms 
toward the end of the year. The main interest of the study is in the procedures 
and problems of dental practice, including their preventive aspects. 





The University of Santo Domingo College of Dentistry announces three courses 
to be given in conjunction with the University of Alabama School of Dentistry. 
These three programs will be held in Ciudad Trujillo, Dominican Republic. 

Pedodontics, Dr. Sidney B. Finn, Sept. 9-13, 1957. 

Operative Dentistry and Endodontics, Dr. A. E. Thomas, July 8-12, 1957. 

Complete Dentures, Dr. Horacio Read Barreras, Aug. 26-30, 1957. 

For further details, contact Dr. Hector C. Franco Santoni, Dean, University 
of,Santo Domingo College of Dentistry, Ciudad Trujillo, Dominican Republic. 





Emory University, School of Dentistry, announces the following postgraduate 
courses : 

Endodontics, Dr. James H. Sherard and Dr. Julian L. Kelly, Sept. 17-18, 1957. 

Improved Techniques in Periodontia, Dr. Frank E. Beube, Oct. 28-29, 1957. 

Minor Tooth Movement, Dr. Frank F. Lamons and Dr. Charles H. Smith, and 
Staff, Dec. 4-6, 1957. 

Occlusion, Dr. Sigurd Ramfjord, Feb. 3-7, 1958. 

Posterior Crown and Bridge Prosthodontics, Dr. George H. Moulton and 
Staff, March 5-7, 1958. 

Pedodontics, Dr. Ralph L. Ireland and Staff, April 23-25, 1958. 
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Refresher Course in Immediate Denture Prosthesis, Dr. L. B. Brown, Dr. H. J. 
‘ Harpole, Dr. J. C. Garland, and Dr. Parker E. Mahan, May 8, 1958. 

Periodontia (Participation Course), May 19-23, 1958. 

For further information, write to Emory University, School of Dentistry, 106 
Forrest Ave., N.E., Atlanta 3, Ga. 





The Beth Israel Hospital, Dental Department, announces the following post- 
graduate course: A two-week seminar in Periodontia, Oct. 7-18, 1957. 

For further information, write to Director of Public Relations and Education, 
Beth Israel Hospital, 330 Brookline Ave., Boston 15, Mass. 





Temple University School of Dentistry announces the following postgraduate 
courses : 

Clinical Endodontics, Dr. Leonard Parris and Dr. Herbert Schilder, Oct. 14- 
19, 1957. 

Oral Roentgenology, Dr. Gordon Fitzgerald, Oct. 24-26, 1957. 

Complete Denture Construction, Dr. Bernard Jankelson, Jan. 6-10, 1958. 

Rehabilitation of the Edentulous Patient, Dr. Bernard Jankelson, Jan. 13-18, 
1958. 

Advanced Orthodontics, Dr. Robert H. W. Strang, Jan. 19-Feb. 1, 1958. 

Periodontal Prosthesis, Dr. Morton Amsterdam and Dr. Walter Cohen, Feb. 
10-14, 1958. 

Practice Administration, Dr. Jay H. Eshleman, Feb. 15, 1958. 

Practical Uses of Electrosurgery in Dentistry, Dr. Maurice Oringer and Dr. 
Martin Entine, March 1, 1958. 

Oral Medicine, Dr. Leonard Rosenthal and Dr. Lester Burket, March 3-7, 
1958. 

Advanced Surgical Techniques in Periodontal Therapy, Dr. Saul Schluger, 
April 21-25, 1958. 

The Washed Field Technique in Accelerated Dentistry, Dr. E. O. Thompson, 
May 5-6, 1958. 

Endodontics—Immediate Root Resection, Dr. Louis Grossman and Dr. Leon- 
ard Parris, June 3-7, 1958. 

The Porcelain Jacket Crown, Dr. Joseph Ewing, June 11, 12, 18, 19, 25, 1958. 

For further information and application, write to Dr. Louis Herman, Post- 
graduate Division, Temple University School of Dentistry, 3223 North Broad Street, 
Philadelphia 40, Pa. 





The Ohio State University College of Dentistry announces that it is receiving 
applications of students for the Curriculum of Dental Laboratory Technology. This 
course of study of the laboratory phases of prosthodontics extends over two academic 
years and leads to a certificate of Graduate Dental Laboratory Technologist. For 
further information, write to the Chairman of Dental Laboratory Technology, Ohio 
State University, College of Dentistry, Columbus 10, Ohio. 





